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PREFACE. 



THE Plan of the following Work was 
drawn up for the Ufe of a few private 
Friends j it is now enlarged by in- 
creafing the Number of Examples, 
and making the Rules and Directions more copious; 
bat whether it will prove as generally fuccefsful, 
in conveying the Knowledge of this mofl ufeful 
Science, as it was beneficial to my Friends, Ex- 
perience muft declare. 

It might be cenfured as Vanity, fhould I draw a 
Parallel between this Work, in Regard to its Ufe- 
fulnefs for Beginners, and what leveral learned 
Gentlemen have publifhed on this Subjed : But 
when it was determined it fliould appear in Pub- 
lick, I principally ftudied, to make it as ufeful as 
poffible to the Publick Schools, and at the fame 
Time to provide that Perfons, by their own Ap- 
plication, might without further Help, acquire a 
confiderable Knowledge in the Elements of jH- 
gebra. 

There 
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'M Learner's Knowledge in 



•>v s4»iCs :£ V'^igir Fraftionj in Algebra are 

^^.. x^^K ;<n<ral!y very perplexing to Learners, 

V '**''< ^i^f^M fufficient Direftions how they 

^ a-jj-^v%^ V^iencver they occur in the Solution 

<.^-*• >^<vtoe> the Reader will find no Difficulty 

o nwUo*J* J^ Equation with Fradtional Quan- 



)K ti^ stfceffiuy my Reader (hould underfland 
\vV^ and Decimal Fraftions in common Arith- 
4w<^Sk> and the Extradtion of the Square Root, 
t^^ then I know no Reafon why a Perfon may not 
fftiV^c himfelf a perfeft Mafter T)f the following 
Wof k> excepting the Geometrical Queftions, which 
he may omit, and proceed to thofe which require 
no Skill in Geometry, for thro' the whole, where 
it was ncceflary, I have given the fame Diredions, 
as if I was adtually teaching a Scholar. 
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I INTRODUCTION. 



AS all Arts have their Beginning, rilde and 
weak, and reach Perfeftion by Degrees, fo 
that, which is the Subjea of the following 
Sheets, has been cultivated by fo many 
illutlrious Men in our own, as well as in 
foreign Nations, that it cannot but appear a natural In- 
troduiftion to this Treatife, if we digeft the Hiflory of its 
Rife and Progrefs into a fucdnift Difcourfe ; the rather 
becaufe Books of this Sort are now become very numerous 
in ours, as well as in other Languages, and therefore, it 
is the. more neceffary to record the Names of fuch as have 
eminently improved (b ufeful a Branch ol Knowledge. 

The Word Algebra is certainly derived from the Ara- 
bic, but there have been fome Miftakes as to its Mean- 
ing. When it was firft introduced in Europi, it, was un- 
derftood to be the Invention of the famous Phiiofopher 
Geher ■, and therefore Michael Stifelius calls it fometimes 
Regula Aigehr^, and fometimes Rigula Gebri, whence ic 
is plain he underftood by it no more than the Rule of 
Geier, or as we uiually exprefs it Geber's Rule, But, 
when we became better acquamted with Arabic Learning, 
this Pcrivation appeared ill founded : In that Language, 
this Art is called Jl-gjdbr tV' al-mokabala, which is li- 
terally, the Art of Refolution and Equation. Hence it 
is plain, we had the Word Algebra from the Arsbic 
Name of the Art, and not from the pretended Inventor. 
But it may not be amifs to oblerve, that the Arabic Name 
conuiiua.l.)d]nicion, or is rather an eijiphadc Dccla- 
b ration 
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ration of the Nature and End of this Science ; for the 
Jrabic Verb jdbara fignifies to relet, and is properly 
ufcd in refpeft to Diflocations, and ihc Verb hdbaia, im- 
plies oppofing, or comparing ; and how applicable this is 
to what we call Algebra, the Reader, when he is 
thoroughly acquainted with this Book, will eafily under- 
Jtand. As it became beuer known to the Europeans, ic 
received different Names ■, the lialians ftiled it /Irs magna, 
in their own Language rjrle Magjore, oppofing to it 
common Arithmeticli, as the leflcr or minor Art. It was 
alfo called Rcgttla Cof^, the Rule of Cojs, for an odd 
Reafon : The Italians make Ufe of the Word Cofa, to 
iignify what we call the Root, and from thence, this 
Iflnd of Learning being derived to us from rhem, the 
Root, the Square, and the Cube, were called Coffick Num- 
bers, and this Science the Rule of CoJs. I fhould not 
have dwelt To long on fo dry a Subjeft, but that it is ab- 
folntely neceffary for the underftanding what follows. 

It is a Point ftill difputcd, whether the Invention of 
Algebra ought to be alcribed to the Oriental Philofo- 
phcrs, or to the Greeks ; but it is a tiling certain, diac 
we received it from the Moors^ who had it from the A- 
rabians, who own ihemfclves indebted for it to the Per- 
fians and Indians ; and yet, which is ftrange enough, the 
Ptrfians refer the Invention to the Greeks, and particii- 
iarly to Arifiotk. Ypt, notwithftanding thisy it miift be 
aHowed that the Algebra taught us by the Arabians dif- 
fers very much from that contained in the Works of 
JDiopbaJitus, the eidtfl: Oreck Author on this Art, wbici) 
is now extant, and which was difcovered and piiblifhcd 
long after the Algebra taught by the Arabians had been 
ftudied and improved in riic Weft. Butall thefe Dif- 
ficuUiee, which have given fonie great Men Jo much 
Trouble, mjy be eafily fnrmoi:nred, if we fuppofe that 
the Invention was originally raken from the Greiks, and 
new modelled by tlic Arabians, in the fanw Manner as 
we know that common Arithrtietick was ; for ihis, whit^ 
is 31 leaft exirwmly probable, mnkes the whole plain and 
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dear^ and leaves us at liberty to purfue the Progrefs of 
this Art from the firft printed Treves about it. 

Jjtcas Padolus^ a Frandfcaa Priar, commonly known 
by the Name of Lucas de Burgo SanSi Sepulcbri^ publifli- 
cd at Venice^ under the Title of, A Compleat Treatife of 
Ariibmetick and Geometry^ Proportions and Equations^ the 
firfl: Book at prefent extant on this Subject. It was printed 
fo early as 1494, and is a very corrcft Treatife. He af- 
cribes the Invention of Algebra to the Arabians^ ufes 
their Method, and treats very clearly of Quadrarick 
Equations. After hhn, feveral Authors wrote on the 
fame Subjed in It(ily^ and in Germatff ; but itill the Ait 
advanced little 'till the famous Jerom Cardan printed^, ac 
Nuremberg in 1 545, in Folio, a Treatife with this Titles 
jtttis magnde^ five de ReguHs Algebrmcis Liber unus ; and 
foon after a finaller Piece, with the Title of Sermo de 
Plus & Minus^ wherein were contdned Rules for pefolv- 
ing Cubick Equations, which have iince been called Car^ 
dinf% Rules, though they were not invented by him, but, 
as himfelf owns, by Scipio Ferreus of Bononia, and Tat- 
iaiea. The next celebrated Writer was a Fnncb Monk, 
whofe Name was Boeton^ better known to the Learned by 
his Latin Appellation of Buteo ; he publifhed in 1559 his 
Logifiica^ in which there was a Treatife of Algebra vdiich 
gained him great Reputation : Yet his Excellency lay in 
a clear and copious Manner of writing, nor does it ap- 
pear that he added any i'hing to what had been already 
difcovered, except fome Corrcdtions as to Tartale^^ Me- 
thod of managing Cybick Equations. 

Hitherto nothing was known in Europe di the Greek 
Analyfis, but in 1575 Xtlander publifhed Diopbantus^ or 
at leaft a Part of his Works, which are ftill remaining ; 
and this quickly changed the Face of Things, for it pre- 
fently appeared that his Was a nearer and more eafy Me- 
thod, and withal opened a Path to much greater f3ifcar 
vcries, which was the Reafon that fucceeding Algebraifts 
qdkttd tht Terms made Ufe of by Arabic Writers, and 
followed Ws. The Time in which Diopbantus flourinied 

b2 ^s 
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is not thoroughly fettled. Vofftus thtnks he lived in the 
fecond Century, but others place him in the fourth* 
His Works were known to the Arabians^ and trandated 
by them ; . nay, it is faid, that they have ftill thofe fevcn 
teooks of his Arithmetick which are loft to us. . The 
famous Arabian Hiftorian Ahtd-Pbaraijus^ whofe Works 
were publilhed by the learned Poccck, not only mendons 
him, but afcribes to him the Invention of Algebra ; but 
in tins he is to be underftood, as writing according to 
the Dghts he had ; for tho' it be true, that Diopbantus 
Akxandrinus is the oldeft Author we have which treats 
cxprefsly of the .Anafytick Art^ yet the Footfteps thereof 
are vifible in much older Writers, ^heo^ who is thought 
to have explained the five firft Propofuions of the thir- 
teenth Book of Euclid in the Analytick Way, gives the 
Honour of this Invention to Plato ; and indeed, it feems^ 
very agreeable to his Genius, and Method of Reafoning 
on Mathematical Subjeds. By the Jun£tion of both 
Lights, and a proper Conneftion of the Arabic Method 
of Inveftigation with the Gr^^^ Terms, which were (horter 
and ea(ter. Algebra quickly became a much more ufeful^ 
as well as confiderable Science than it was before* . 

In our own Country, the firft Writer upon Algebra 
that we know of was Dr. Robert Record^ 2l Phyfician, 
who diftinguifhed himfelf in the Reign of Queen Mary^ 
by his Skill in the 'Mathematicks. He firft publiflied a 
Treadfe of Arithmetick, which continued the Standard 
in that Branch of Knowledge for many Years, and in 
1557 he fen t abroad a fecond Part, under the Title of 
Cos Ingeniij or the Wbetftom of fFity which is a Treatife 
of Algebra ; the Word Cos alluding to Coffick Numbers, 
or the Rule of Cos^ by which Name, as we have before 
ihewn, thi3 Art was known abroad.' This ' Treatife is 
really a great Curiofity, confidering the Time in which 
it was publifhed, and together' with hii other Works, 
muft give us a high Idea of this Man's Induftry and Ap- 
plication, whofe Memory notwithfl:anding is.almoft buried 
in Oblivion. But, notwithftanding the early Publication 

of 
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of this Piece, and that fome Engiiji} Gentlemen had in 
their Travels acquired fome Knowledge of this Kind, as 
appears by a Spanijh Treacife of Algebra, publifhed by 
Pedro Nunnez \n 1567, yet it continued to be fo little 
cultivated in England^ that John Dee, in his Mathema- 
tical Preface prefixed to Sir Hettry BillingJIey's Tranflation 
of Euclid, printed at London in 1570, Ipeaks of it in 
very high Terms, and as a Myllery fcarce beard of by 
the ftudious in the Mathematicks here. It is however, 
plain from fome of his Annotations on fae/ri/, that he 
was tolerably verfed therein, and was even acquainted with 
the Manner of applying it to Geometry. In 1579 2^5- 
xard Diggei, a great Mathematician for thofe Times, 
printed a Treatife of Algebra in his Straliolkos -, after 
which it came to be better known and more ftudied, to 
w4iich contributed not a lirtle, the Improvements made 
by the Author I am next to mention. 

Francis Viete-, better known by his Lalin Name of 
Francifcui Vieta, was a Native of Poiteu, jn France, aiid 
Matter of Rcquefts to Queen Margarel, Grft V^'ifc to 
King Henry IV. his Affcftion to the Matliematicks, anid 
efpecially to this Part of it, was fo ftrong, iliat he fre- 
quently pafled three whole Days and Nights in his Study 
without eating, drinking, or llccping, except a Nod now 
and then upon his Elbow*. He, about die Year 1590, 
publithed a Treatife of Algebra in quite a new Method, 
and by a judicious Mixture of the Greek and Arabian 
Rules, with fome Improvements of his own, introduced 
that Mode of Calculation which is dill in Ufe, under the 
Title vf Specious yirithmetick. Before his Time, only 
unknown Quantities were marked by Letters, but fuch 
as were known were fet down in Figures according to 
the ufual Notation : He made Ufe of Letters for both, 
only with this Diftinftion, that the known Quantities he 
reprcfentcd by Confonaats, and the unknown by Vowels. 
By this Contrivance he greatly extended the Science, and 
which was more, fhewed its Capacity of being farther 
extended. For, whereas former Algebrailis had confined 

• Tlvivt. Hift. A. D. 1601. 
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Wirir lAvWIigatioft^ to the particular Owcftiohs propolcd, 
to them, he br this Meaw produced Theorems- capable 
'tif rdblvfaig all Demands of a like Nature, inftead of 
pattidblaf Sdhitkms. The learned Dr. fFaJKs has ac- 
courtted v^ dearly fbr the new Title which Fieta gave 
t« his Al^bra. The Romans had a Method of ftatin^ 
IjiW QuOTion^ uhder general Names, fuch as Thins and 
iifrtproHins:, Cigus and Mevius^ whence wc derive out 
'"Way of ufing A , B, C, D, on fuch Occafions, which 
'Method of flaring the Civiiians ftile Species, in Oppofi- 
iibti to thfc ft^ing of real Cafes by true Names. Vieta 
flaring madfc a Change of the fame Nature m Algebra, 
and being as wd obferved before, a La^^yer by Profeffion, 
he borrowed from that Science this Title of his new In- 
'Venrion, ^fch W» rewired with univerfal Applaufe. 
We hare Hkewifc niany of his V^orks, under the Name 
.of ApoUonius GalluSy which he aflum.ed on Account of 
;His mft attempting to reftore the Works of Apollonius 
Perg^s. His Genius was fo cjttenfive, and his Per.e 
* tl^tion fo great, that it enabled him to apply his Mathe- 
ifa^tical Knowledge to moft Subjefts ; of which we have 
1 particular Inflance, in his decyphering the Letters 
which pafled between the Court of Spain^ and the Fac- 
tJ&A of the League in Prance^ notwithftanding aborc 
'five hundred different Charafters were made Ufe of in 
*i&^m. About the fame Time flourifhcd Raphael Bom- 
iiiU'x an Italian, who publifhed at Fhrence a Trratife of 
'AjfetftVa, whertin he flrft taught how to reduce a biqua- 
"dfatrc Equation to two Quadraticks, by the Help of a 

'tubiC. 

^" Otrr own Countryman, Mr. William Ougbtred, was the 

^ next great Improrer of Algebra. Building however on 
what Vieta had ahtady performed. He introduced fuch a 
Coricifenefs, arfd withal fo plain and pcriJ)icuous a Me- 

/tliod' of inveftigating Geometrical Problerris, as acquired 
iiim immortal Reputation. His Clavis Mathematicds, or 
key of the Matirematicks, was firft publifhed in 163 1, and is 

' (icrhaf)s the cloftft and moft compendious Syftem hitherto 

extant. 
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extant. In this Work he contented himfelf with the Solur 
tion of qiiadratick Equations, refervjng thofc of higher 
Powers for another Work, which was his Ex£grjis Nume- 
rofot which in later Editions is joined to his Clavis. In 
both Pieces there were abundance of Additions and Im- 
provcmenrs, and the Doftrine of Proportions more fnlly 
and clearly fl:ated than hitherto it had been ; but the 
greatcft Kjccellency in Mr. Oughlred's Book, was his Ap- 
plication of the Analydck Method to Geometry, whicli 
he did in a Variety of Cafes, and enabled his Difctplcs to 
proceed fHl! farther than himfelf had done. By ProfcfDoa 
he was a Clergyman, and Reiftor of Albury in Su\ 
where Jie gave himfelf up entirely to his Studies, and 
the CoBverf^tion of a very few Friends ; he lived to the 
Age of l-'mirfcorc and Seven, and died then of Joy, on 
May I, i66o, at hearing chc Houfe of Commons had 
voted the King's Return. Some have cenfured his 
Clavis as too fhort aud obfcure, and fo indeed it might 
prove for fuch as were altogether unacquainted with ihefc 
Studies, for whofe Ufe it is plain enough he never dc- 
fig?ied it ; but where Pafons are acquainted with the 
Elements of Geometry and Algebra, and have that Sag!>. 
city and Attention which is neceflary to make any con- 
fiderable Progrefs in this Sort of Learning, Mr. Oughlred's 
Key wit! be ftill found a very ufeful Book, and its Style 
the moft perfect in its Kind that has ever been ufed. 

Contemporary- with him was Mr. Tbomai Harriot, an ex- 
cellent Mathematician, and who made ftill greater Im- 
provements in this Science. He is placed ai'ner Oughtred, 
tho' he died long before him, becaufe his Book was not 
publiflied 'iiUromeTimeattcrthe firfl: Edition ofOughtred'i 
Claris. It was then printed in a thin Folio by the Care 
of Mr. H^altfr IVdrner, under the Title of ^Irm Jnalytica 
PmxJs ad .'Eqiietiones Jlgebraicas nm:a, expediid, 6^ ge- 
neralf MelbodOf refshendas^ TraSratus pofthumus, i^c. i. t. 
A Treaiifc of the Analyrick Art, containing a new, ex- 
peditious, and general Method of refolving Equations, 
a poftluimous Iradt, by the late learned Mr. 'Tboaias Hsr- 
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riet. The Publilhcr, Mr. {Earner, prefixed a Preface of 
his own, containing a very judicious, tho' very concife, 
Keprefcncation of the fevcral Pans of Algebra, their 
Nature and Depcndance on each other, the Extent and 
Ufefulnefs of this Art, and the Progrefs thereof to that 
Time. Jn Mr. Harriot*^ Book, Algebra takes anew 
Form, and from him alone ic met with more Improve- 
ment than from all who had ftudied, or at leafl: ail who 
had written upon it, before him. He was indeed one 
of the greateft Men this Nation ever produced, and 
great Pity it was, that this Work of his did not appear 
in his Life- time, or that his other Pieces, which were of 
infinite Value, fiiouid be buried in Oblivion, The true 
Caufe of the former fcems to have been his Courfe of 
Life ; he was a Dependant on the Earl of Northumberland 
and Sir Walur R^Jeigh, and afterwards upon Sir Thomas 
Jykjhury, to whom, if I am rightly informed, he left 
many of his Writings, and, as 1 hinted, the Reafon of 
his not pubhfhing them in his Life-time, feems to have 
been his Deference for his Benefaftors. Happy had it 
been, if the reft of the Mathematical Works he left had 
been fent abroad (as in his Preface he fecmed to promife 
ihcy fhould) by [he intelligent Editor of this eeccllent 
Work. 

It is divided into two Parts ; and the Aothor begins his 
Improvements by removing every Thing that was ufc- 
Icfe, fupcrfluous, or inelegant in former Methods ; thus 
inftead of Capitals, he introduced fmall Letters -, inftead of 
the Terms, Squares, Cubes, Surfolids, £?f. and their 
Contractions, he brought in the Powers thcmfelvcs, 
which raade the Operations much more cafy, natural, and 
perfpicuous than tliey were before. Having thus efta- 

■blHhed-a plain and accurate Notation, he proceeds to a 
Mtillttudeof new Difcoveries, of which, to the Number 

.oflweory-threc, the Reader may find a full, dillin^t, and 

-very judicious Account, in the celebrated Treatifc of Dr. 

Waltis. From this admirable Piece of Mr. Harriott, 
Dis Cartes took all die lmprovcraen[S he pretended to 

make. 




ce^.ilis tlie Doflor juflly obferves, and of which I fhalf 
ftrriilli the ReaiJcr with fome concile, and I think cori'^, 
clufive. Proofs. Firjl, It appears from all the Accoun'tiV' i 
we Jiave of the Lite of Des Carles, that he was here Jiv ] 
England when Ihrrioi's Book was publilhed, which be^ 
ing written in LaiiUf in a Branch of Learning abotiCr 
which chat great Man wis then vcry'fedulous, it i; 
to conceive that he vvas one of its mod: early Perufers t "] 
Secondly, It is certain that be did not publifh any thing oiv 
tliis Subjeft before that Yiat -, Thirdly, His Treatile of < 
Geometry, wherein thele new Improvements firfl: apT* J 
peared, was printed in French in 1637 widiput his Name^T 
which in all Probability was to try what Opinion thtt 
World v^ould have of them, and whether any of the 
French f^alhematicians could difcern whence they were ', 
talcen ; Foftrthly, Thpiieh he luffered the two firft Pa 
of his Book to be pubrilned in L^.liii, v/itli his Name^ itf 
1644 ; yet the third Part, relating to Geometry, did noj 
appear, tin 1649, when ii: was publiflied by Fri;«c;V Kdrf' 
Scboolen, Tiiefe are probable Reafons only, but then, < 
fifthly y PTe follows /?rtmo/ diflintfily ' in A^sV/fcw fevera'^ 
DifcDvericsi which that they fhould be made iri the fani^ . 
Method and Manner, (except a few Miftakes) without 
confulting Mr, Harriot^ is altogether incredible, and wsis 
fo held to be even by his own Countrymen, whenT 
thro' the Information of the Honojrable Mr. Qarjendijh^^ 
they were made acquainted with Mr. Harrioi'i Bookjj 
Sixtblyy There are fom^ little Changes, particularly in tlifi'^ 
Marks, made Ufe of by Dw Cartes, and which were ne- . 
ver followed by any Body, that plainly intimare he only , 
introduced them, iii order to difguifc his Method 1 
Seventhly, It appears that Da Cartes himfelf v,-as '^%- \ 
quainted with the Charge brought agatnft him upon this . 
Head, and yet he never thought fit to juflify himfelgf , 
nor did ever fo tiiuch as declare that he had not 'fc^'* 
the Book he was faid [b have copied. On the whole there* ' 
fore, there is all die Reafon in the World to believe, th^ ' 
the Honour due" to the great'ltiiprovem'crit of chis-Scie'ncf, 
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which fitted ic for all that ic has received fince, from 
Foreigners or EngUJhmen, belongs to our Author Harriot^ 
and not to Des Cartes, who only accommodated thefc 
Difcoveries to Geometrical Subjefts. 

After him Dr. John Pell, who was Rcfident for the 
Commonwealth of England in Switzerland, publiftied fome 
new Difcoveries. The Method he took of doing ic was 
this, he recommended to Mr. Thomas Brancker a Treatifc 
of Algebra written in the German Language by Rbonius, 
which when he had tranllated, the Dottor revifed, alter'd 
aiid added to it.' In this Piece there are a great many 
curious Things relating efpecially to Diophantine Algebra, 
but delivered very obfcurely* infomuch, that the learned 
Dr. JVallii feems to be in doubt, whether himfelf had 
reached Dr. PeW& true Meaning. Yet, to this Gentleman, 
. who wrote in fo perplexed a Way, we ftand indebted for 
ihe Invention of the Regifter ; a Method of great Ufc, 
efpecially to Beginners, the Praftice of which was what 
chiefly recommended Kerfey's Algebra, and which is con» 
ftantiy and judicioufly prefcrved throughout the follow- 
ing rreadle. It is very likely, that the Darknefs com- 
plained of in Dr. Pell's Writings might be owing to 
his CircumftanccS as well as Temper, for he was a very 
bad CEconomift, not through any Vice or Extravagancy, 
but by a Negleft of his private Affairs, and fpending all 
bis Time in Study. 

As for the Rules of yohn Van Hudde, Mr. JWerrj', 
Eraftfus BarthoUr.e, Mr. Huge/is, and others, I do not 
take Notice of them, becaufe in reality they are no more 
than Improvements on, or Deductions from, Harriot. 
The fame thing may be faid of what has been written by 
MelT. Ftiimat, de Billy, Fernicle, and other French Ma- 
thema:icians, who only propofed Problems for other Peo* 
pie to refolve, and referved their own Methods of Solution 
as impenetrable Secrets : A Fraftice, which however it 
miglii entitle them to the Admiration of the Age in which 
they lived, can give them no jult Claim to the Praifc of 
Poftcriiy i fince if we reap any Benefit from their Difco- 
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veries, it is indircflly, and in a Manner againfl their 
Intentions. 

Dr. IVallis himfcif has alfo made fomc very confidcrable 
Improvements in this Science, efpecially in refpeft to im- 
po(IU>le Roots in fuperior Equations ; and what he left un- 
pcrfefted has been fupplicd by the ingenious Mr. Abraham 
De Moivre, whofe accurate Performance on that Subjeft 
has been lately publilhed, in the Algebra of Dr. Samderfon. 

In 1655 Dr. iValUs publifhed his Aritbmetica Infinito- 
rum^ in which he fquared a Series of Curves, and fhewed 
that if this Series could be interpolated in the middle Spaces, 
the Interpolation would give the Quadrature of the Circle. 
This Trcatife fell into the Hands of the ingenious Sir Ifaac 
then Mr, Newlon, in the Year 1664, when that Gentle- 
man was ^raut Two and Twenty ; and he by a Sagacity 
pecuKar to himfelf, and which can never be enough ad- 
mired, derived from this Hint his celebrated Method of 
InBnite or Converging Series. In 1665, he computed 
the Area of the Hyperbola by this Series to Fifty-two 
Figures, which having communicated to Dr. Barrow^ he 
prevented Mr. Nkbolas Mercatcr*% running away with the 
Reputation of this Difcovery, who in 1668 publifhed the 
Quadrature of the Hyperbola by an infinite Series, This 
was received with umverfal Applaufe, and yet Mr. New- 
Ion far exceeded him; fince, without flopping at the Hy- 
perbola, he extended this Method by general Forms to 
all Sorts of Curves, even fuch as are Mechanical, to their 
Quadratures, Reflifications, and Centers of Gravity, to the 
Solids formed by their Rotations, and to the Superficies 
of thofe Solids-, fo that fuppofing their Determinations to 
be pofTible, tliis Series flopped at a certain Point, or at 
leail their Sums were given by dated Rules. But if the 
abfolute Determinations were impolTible, they could yet be 
infinitely approximated as he iikewife (liewed, and which, 
as a French Writer juflly obferves, is the happieft and molt 
refined Contrivance for fupplying the Defeats of human 
Knowledge, that Man's Imagination could polFibly invent. 
It is alfo certain, that he attained his Invention of Fluxions 
c 2 by 



bythac Time he was Four and twenty, but h^s Mijdeljy 
was (b great, that he forbore to publifh his DtTcovery^ 
which was the Tole Reafon that the Honour of "it was «ve'r 
dilJ3utcd with him. . ,,,- 

In 1 707, he firft publiflied a ^yiem of Algebra jJljdff 
the Title of Univerful Arithmetkk, and in 1722 gay? 
another Edition of it, wherein are contained all his Im- 
provements in that Art. 

■From the Rules by him laid down, ftill farther Lights 
were ftruck out by fucceeding Mathematicians, fuch a? 
Dr. Edmund Halley, who publilhed in the Philefophkal 
^ranJaSims, a Method of finding the Roots of Equations 
, w?i£!u)ut any previous Reduftion, and the Conftruftion of 
Equations of the 3d and 4th Power, by the help of a 
Circle and Parabola. Mr. J. Colfoa, who obliged the 
learned World with a tiniverlal Refolution, Geometrical 
and Mechanical, of Cubic and Biquadratic Equations. 
^r. Colin Mac Laurin, in his Treatife of impo/Tible RoOts« 
and many others too long to be enumerated here. 

But after all tbefe Difcovcrics and Improvements, there 
has ftill been a genera! Complaint, that hidierto we have 
had no Book of Algebra plain enough to inflruft fuch as 
are inclined to fliidy this Science withoiu farther Affiftance, 
or who live in Places-where it is not to be had. To obr 
viate this Objciflion, the following Treatife was drawn up, 
which will be found to contain a cl?ar and copious Syftem 
pi Algebra, delivered in To eafy and natural a Method, 
and with fuch Perfpicuity and Condcfcenfion to the Feeble-; 
neis of the Underftanding, when firft applied to this kind 
of Study, that i felicitate myfclf on having prevailed up- 
on its Author to make it publick, as I am pcrfuaded it 
will be of general Ufe, in preventing young People from 
being difcouraged at their firft Entrance into Algebra, 
which has hitherto hindered Numbers Irom cultivating 
their Inclinations to the Mathematicks, as conceiving 
liiofe Difficulties in the Science, which, in Faft, are owing 
to the Teachers Inftifficicncy, as a Coach injudicioufly 
hung will jolt let tiie Road be ever fo good. , . 
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HAVING ghren the Reader pa Hiftorical Account of 
. thb Science in the Introdudion, .we are now to explain 
the Signs and Cbaraders ufed by Analytic Writers, and 
mention thofe Axioms or Self-evident Principles of Truth and 
Certainty, which are the Foundations of this celebrated Art. 



Signs, Names, 



+n 



Pluscrmn,'^ 



Significations, 

The Sipi of Mdit ion i as 8-{-4t isRis 

to be added to 4^ and m^h fignifies the 

Number reprefentdd by m^ is to be added 

to the Number reprefented hy n\ again, 

f 2+3+5 » fignifies they are all to be added 

into one Sum, . and. b-^-m-^d fignifies «that 

Numbers reprefented by b^ nty and d^ 

added into one Sum. 



-H 



Minus or lifs.i 



\ I Int9 9r with, i 



I 



The Sign of Subj^raSfion ; as 5 — 2, it 
5 ie& by 2, or 2 Is to be fubflraded from 
5, and tf-^A is d Jefe i, or the Nuniber 
reprefented by i isito be fubftrafted from 
. the Number reprefented hy a\ and 9 — 2 
I — 3j ^^5 that froin 9 there is to be fub* 
! ftraiftcd 2J and from that remainder 3 is 
\\o be fubftraSilj. 

' The Sign of Multiplication ; as 5 x 7, is 
5 is to be muitjpilied by 7, and axb^ is 
the Number rejprifented by a, is to i^e 
multiplied by the Number reprefented by 
.*; and 7 X 3 )i 2, is that 7, 3, and 2 arc 
id be multiplied ipto each other, which 
Product is 42. 



B 



Tlve 



-H*- 



1 1 Equal. 



:■]{ 



S$ is. 



(The 
9=9. 
=5,tl 



&? / /«w/«/w)i. 
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The Sign of Divifton i as 8-7-4, th^t is 
8 is to be divided by 4, and x^^y that 
is,' the Number rcprefemed by ;^ 4s to be 
divided by the Number reprefented by jr ; 
or fometimes they are placed like Vulgar 

Fradiohs thus L thut is, 8 is to be di- 

4 

vided by 4, and -, that is, the Num* 

y 

her reprefented by x^ is to be divided by 
the Number repf efcntcd by y. 

The Sign of Equality or Equation i thus 

I, that is, 9 is equ?.l to 9, and 2-|-3 

that is, 2 added to 3, is equal to 5 ^ 

j A^in, mz=:h'\'yj that is, the Number. 

I reprefented by m is equal to the Number 

J reprefented by «, added to the Number 

] reprefented hy y\ andj^p — ;ir=tf-j-'>> ^^^ 

lis, the Number repreiented by y being 

I leffened by the Number reprefented by x, 

j the Remainder is equal to the Number 

I reprefented by a^ added to the Number 

Lreprcfented by b, 

r The Sign of Proportion^ or what is 
commonly called the Rule of Three, and 
, : : is placed between the two middle Num* 
bcrrs thus, 3 : 5 : : 6 : 10, that is, as 3 is to 
^ 5," fo is 6 to JO ; and a:b::c:dy that Is, 
as the Number reprefented by a is to the 
Number reprefented by i, fo is Che Num- 
ber reprefented bj c to the Number re- 
^preiented by d. 

f . The Sign of Involution^ or raiiing any 
Number or Quantity to the Square^ Cube, 
or any other Power ; and the Heiehth of the 
Involution b generally expreffed by the 
Number after the Sign thus, 7 ©- pt, is 7 
is to be involved to the Square dr ] fecmd 
Power ; and 7^3, is 7 is to be involved 

. or raifed to the Cu|)e or thjrd Powers and 

I and ft & Z9 ha is* to be involved to the 

^Square or fecond Power, 

The 
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The Sign of Evalutiei, or the extract- 
ing of Rooia i and the Root that is taken 
is Jikewife cxprelTed by thi.- figure that 
fallows :he Sign, thus 9 uu 2, ii the Square 
Root of q is CO be extrafled, and 27 wi 3, 
is the Cube tloot of 37 is to be extraiSeif, 
and a am, 2, is the Square Root oi aait 
.to be extrai^ed. 

The Sign oi Trratwnality, or of a Surd 
Root ; chat is, the Number or Quantity 
has not fuch a Root as is required to be 
extraded ; thus the Square Root of 2 
will be expreiTed thus ^ 2, and the 
Square Root of 5 thus ^ 5, and the Cube 

Root of 4 thus ti/ 4, the little Figure 
{landing over the Sign being 3 ibews it to 

3 
be the Cube Root; again, ^ 15 is the 
Cube Root of 15, and where there is no 
fuch Figure over the Sign it fignifies the 
Square Root only. 

Now before we go farther, it wil) be necefTary to inform the 
Reader, that where there is any Number joined to a Q^iantity 
it fhews how many Times that Quantity is taken ; thus, 40 is 
four times a, or the Number reprefented by a is to be taken 
fiur times ; and 7 m h feven times m, and if y was to be taken 
/even times it may be expreffcd thus 7 y, 

Thcfe Numbers are calKed Co-efftimls, or Fe/lmv-Fa^fort, as 
they multiply the Quantity, antl if any Quantity is without * 
Co-dficient, then it is always implied that Uriifj or 1 is the Co- 
efficient of that Quantity; thus a h the fame as I a, and/ the 
lame as I j", for when the Co-efficient is only Unityj or 1, it IS 
generally -otn itted. 

Quantities that are expref&d or reprefented by fmgle Letters, 
or feveral joined together like a Word, a a, b, air, anz, yyz^ 
are called limple or Tingle Qj^aniities, 

But when thefe are connected by the Signs + or — asa-\-et 
£iK—ii, d'n-\-az, they are called compound Quantities. 

And iometimes Quantities are fet down in the Manner of Vul» 



^ Fra^ions, thus,' 



a-\-b 



*4-jp 



^ 
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' The Sign that conned the Quantities bclpng* to that which 
follows the Sign, thus, a4'^, where the Sign -f- belongs to the 
Quantity b; again, a — c+rf, the Sign , — bdongs to the 
Quantity c, and the Sign J^ to the Quantity d, 

A^tothofe linsle Quantities which have od Sign before them, 
ieisalwaysunderftooa they have tfic'Slgh-j- ; thus a is the fame 
ftl^ii, afld")ft 'b'thb'fime as -^m, aii4 therefore if Tingle 
Quantities are to have thc'Sign ^ \t\i totninonly omitted, a> 
tbcy ar« ufually fct down^withoutany-Sign^ but the Sign — is 
ntper omitted, but 'al.waj;s(ilacied .befere thf Quantity to which 
jt' belongs, '' ■ ', ,, ' 

' And in Cooipoiind Quailtities, if tlj^ firft' or leading Quantity 
h^ pit Sign, tbcn-iti^ always undcr^ood tf have the Sign 4*> 
thus, iz-|-i is the lijiie as -l-'S'+ii' ahdai — i is the fime at 
-i^ct—b\ thertiort ' in Compound "^antlties, if tStfJirft or 
- I^djiig^Qpantity is tolfave the Sig^-f* '^ *^ generally otnitted,- 
h}t ||i ihef«'CoiffgfM^, Quantities^: as woll as in Simple Quan- 
tities, ifie $g^-^— is never omitted, but alwjays placed before the 
Quantity tQ-whicfa it Mwgsi .'''■: 

c Loiters fet or Joined together lil»*Wot-d fignifies thrPro- 
doA ot Rc£tan^ of. thdc Letten', thoa,, ir ^ is the Produd 
of a multiplied by^, aia^.dny islbevFfod^ of ■/, n, and ji, 
multiplied together. 

I The Op^9tioiu,iiii Jtlgehra arc fiuindcd pa tbeft 4iif^i* 

rif^tal Q^anti^eaJw-addei) to^^iqj^'.Qi!aiitiUc4)i tbp Sun of ' 
tbElcQuafltitica.,wiU bceqtia], ..- : , ;.. '.;! „ m > 

•■:-'■■ ■ ■ AXIOM ■■%, 

If equal C^'antities be taken or fubftrai^ted ^om «9iijd..Qtaa' 
t'uwy thDQuan(iti«»x<m4i4n3<i«titt:bf,«<iwl. 

\ . _ ■ J X io-M. %., ■■■ ■ .' 

If eq}jal Q^a«itiea1ie ouik^tlkd. mth equal QuanCUi^^belc. 
eoXlii&viU.brraitaU 



ADD I TlOl^, } 

m 

A X 10 M i^ 

If equal Quantities be divided by equal Quanticie»^- their 
Quotients will be equal. -\ '■ * 

A X to M i. ''■[■'' - 

If tbere are feveral Quantities that are equal to one atid tfaSt 
£une tiling, thofe Quantities are equal one to another. '^* 

The Reader having premifed thefe Things, and undeHtaiKRhgf 
What the Signs aref ifltended to exprefs, he may proceed to th^ 
Rules of the Science ; and' if at firft he meets with (ontt iiitid 
Difficulties about the Signs and Co^efficients, I would rtfcom-- 
mend him to read the foregoing Pages again ; and if that and^ 
another Eflay or two does not remove the Difficulties of any 
particu&r*£xghipley'.tben tO:.omit.thar.and proceed to-tUd next, 
in whjch peiiiap3 he may Succeed, .and that may canfe tjie Di^ 
culty ta the other to vanifliu . . \ . 

*■-■*.-■ '■, • -■ . ■ . - .... r,:. .s 

Ajy B 1 tlOR 

■ . I 

In which' there are three Cafes. 



•■• • 



(I.) Cafel.\^J HEN the Quantities are alike, in* therr 

1^ Signs are both affirmative, or both negative,, 
add the Co-efficients or prefixt Numbers together, and to their 
Sum join the Quantities, prefixing to them the Sign they have* 
inthe Example. ' 

■ " . " .'■■■.. 

Exam. I. Exam. 2, Exami^. Examp^^iL - 

To- a^ - . i5«^ ^^4/ _ .•^.** 

Add itf %m — 3y " — 6« 



\N 



Sum 5^ 7»i — 7y — ^Sa 



In Exam. i. the Cd-efficients are 2 and 3, which added toge- 
ther mak^ 5, to which joining a the Quantity it is 5<y» and no 
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Sign being preExt to either 20 or 30, (he affirmalivc Sign is 
underwood as prcHxt to both ; hence 5 a or-)- 5 a is the Sum 
required. 

Exam. 2. The Co-eiKcients are 5 and 2, which being added 
make j, to which joining m it is ym, the Sum required, for 
the Signs of 5 m and 2 m are buth affirmaiivey by wliat was faid 
in the laft Example. 

Exam. 3. The Co-efficients are 4 and 3, which being added 
make 7, to which joining^ it becomes 7^, but as 4^ anc! 3_y 
have both the Sign — before tlicin, therefore prefix the Sign — 
to Tj", and then — 7 ;' is the Sum required. 

Exam.^. The Co-eiHcienis arc 2 and 6| which added make 
8, to which joining n it becomes 8 z, and prefixing the Sign — 
for the Reafon in the laft Example, wc have — 8 z the Sura 
lecjuired. 

Exam. 5. Exam. 6. Exam. 7. Exam. 8. 

To t^my — t\azx ^ady — ibymd 

Add "J my — 2a%x %ady — •nyrnd 

Sum 22«j' — ibaa:* yady — iHymd 

Exam. 5. The Sum of the Co-?fficients 15 and 7 is 32, to 
which joining ffijr it is limy the Sum lequircd, for 151*1^' and 
ymy have both the affirmative Sign, there being no Sign 
prefixt. 

Exam. 6. The Sum of the Coefficients 14 and 2 is 16, to 
which joining a%x it Is ibots-, lo which prefixing the Sign 
— , as both the Quantities to be added have tliat Sign, then is 

— iiia%x the Sum required. 

Exam. 7. The Sum of the Co efKcicnts 4 and 3 is 7, to which 
joining i7(/_y it is yady.ind both the Qiiantilies having the ff^r- 
inalive Sign, tbtreiore '/ ady is the Sum required. 

Exajn. 8. The Sum ot the Ca-cffidenis 16 and 12 is 28,^,10 
which joinirg^iff/i^ it is z^ymd, to which prefixing the Sign' 
— , ai both the Quantities to be added have that Sign, then is 

— 2S->fni^ thcSum required. 



1 Exam. 9. 


Ev'amrj^. 


£«».. II. 


£jrflm. 12. 


1 To im, 

■ Add ■■ 3»., 

■ Sum . smy 


tan 

2 an 

3"" 


11 dy 


— da 
~^dn 
— Ida 

Exm. 


^^_ 


^^^ 


^^^ 


^^^^\ 




^^^^^^H 


^^^^^^^1 


^^^^^^^^^^1 




ADDITION. 7 

Exam. 11. The Co-efficients are 2i and i, for there being 
no Co efficient prefixt to dy. Unity or I is always unjernuod in 
fuch Cafes to t>e the Co-cflicieni, hence the Sum Is liiy. 

Exam. 12. There being no Co-efficients prefixt to either of 
the Quantitia, Vmty or i is the Co-efficient to each, and X 
being added to i makes 2, to which joining ia it is lia, to 
which prefixing the Bc^a/jw Sign, we have — %da the Sum 
required. 

(2.) If there are two or more Quantities conneQcd by the 
ftgns 4" Of — > snd arc alike to two or more Quantities con- 
ncSed by the Signs 4- or — , they are added as in the foriner 
£xamp1es, only taking due Care that the Qijantities which com- 
pofe their Sum are conne^ed with their proper Signs, according 
to the Rule, u in the following Examples. 

Exam. 13. Exam. 14. Exam. 15. 

To ia-\-'}b bma->[-^y 2ima'\-%yd 

Add 3^ + 26 2'wa + 3y 3wa+3;.rf 

Sum 50 + 9^ %ma-\-'iy 2^nia-\-^y4 

Exam. 13. Is 2a~\-yb to be added to 3a-|-2*. The 
Quantities being difpofed as in the Example, it follows firota 
former Examples that 211 being added 10 31 make'; 5a, and jh 
added to lb makes g^, but as yb and 2^ have both the affir- 
mative Sign, to 5<i conneift qi with the Sign -1-, hence 
5^+9* is the Sum required. 

Exam. 14. Is bma-]-^y to be added to zmaA-^J- Now 
by the former Examples tma being added to 2ma U ima, and 
£y being adocd 10 3^^ is Sy, but as ^y and 3^ have both the 
normative S'i^n, to Sma conneft Sy with the Sign -\-j fo will 
Sma'\-Sy be the Sum required. 

Exam. 15. Is 2sma~\.2yti to be added to S/na + JJ'rf. 
Now by the t'ornicr Examples 2ima being added to ^ma the 
Sum is 24*7117, and 2yd being added to -^yd the Sum is $yd. 
But as 2yd and lyd have boih the affirmative Sign, therelore 
conneii^ing 2^ma and ^yd with the Sign 4-> we have t^ma 
^^yd the Sum required. 

Exam. 16. Exam. 17. Exam. 18. 

To — jdii-^i^m 9OTfl— I4»J — 2mn-{'l$yd 

Add — 2da — 4./n ■^ma — ^nd — 4?/ni+ 4J "^ 

Sum —tjda — i^m iirna— %ynd —dmn-^-igyJ 

Exam, 



f 
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Rxam.i6.h — yda-^i^m to be added to •— 2^^— 4W. 
Now 7 ^/^ added to ida isgda^ but ^s both thefe Quantities 
'have f he Sign — , prefix the negative Sign to gda^ and then it 
^is; — g^^. Again, 15m added to /{.m is tgrn^ and both thefe 
jQuantities having likewifc the negative Sign, prefix it to igm, 
Vhefjde the Sum required is^^gda — igm. 

JB^am. 17, Is gma — x^-na to be added to 3»i^— 3«rf. 
^Now gma added to ^ma is 12m a^ and both thefe Quantities 
having the Sign 4^, place down izma as in the Example: Then 
■J4«a added to 3«^ is lyndy but both thefe Quantities hav- 
^llig the Sign — , place the Sign -^ before ijndy and the Sum 
required is i2w« — 17«</. 

Exam, 18. Is.— a;;w«-f-i5j^J tobeaddcd to — J^mnJ^j^y^. 
^No^'2ffr» tSAAioij^inn \s,6mn^ but both thefe Quantities 
having the negajtive Sign, prefix the Sign — to 6m», and then 
it is — 6;w«. And l^y^ added to /^yd is iQvrf, and both 
thefe (^antitie^liaving the affirmsltiVe^ign, prenx the Sign 4- 
to i\^ydi hMc^ the Sum is — T6ffijr^ ^Q)'^* ^ 

I Examrt^. Mx(tm. 7A. Exgm..2i. 

To gyd—.a i^yd^i^a- . ^ -^-147+ d 

Add a;'//— ^ .' 2)'^+ a ' " — ' jp-f- /f .^ 

^ipum liji — 8^ ifayd-Ylta^^ — iSZ+a^f 

■ • ■ ■* . "' ■ f> • ' 

.. Exefm.ii^. When, you come to.»dd^r-^7tf toi'^^a^ thttc 
being no Co-efficient prefixt to a^Umfyiiotr i is alwayr-m fiicb 
T£4is tbt 'Co-«flicicnt,'and then by wha|i has been alifcady taught 
t^-T^osheing added to •-— At the Sum is ^-r-Saas in the Example/ 
'' Exam, 20. ^pd\mhei(ii^ai»'io,h%2iiidGi to>4t, tfariSuin is 
ilbx the ^e Reafin i6«. .' • '■:'■■ 

Exam, 21. And — 14;^ being added toi-^y the Sum. 3s r-* i^Sy^ 
.HV^^ bein^ added to V, lor cbe fame Reafcrn tbeSttosis 2d or 

vf* a'M« I '■ ..■...•-... ". *-•■' ''/^ ■ " 

••• (3»)C^/r.2. "When the Quantities. are. alijce, biit the Sighs 
•re^^e ajfirma^iye^ ajid the other negntivey fubflra£i the iefier 
Co-efficient from the greater, to the Remainder join theQua^ 
tity, and prefix to it the Sign of the greateft Co-efficient. 

It.3t of"n£Si^nification whether the Quantity^ that has the 
ar^cft* Co-efficient ftai^ds above ox })elo w^. . ^ * . • - - 

- '* ' — . . Exam. 
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Exam. I. Exam. %. Eicam. 3. Exam. '4. \ 

To $a 16 m . 21 ad nmk 

Add — 2a — I2W — 7^^/ ^^ f;m» 



Ti*»— V 



Sum 3<7 4m M^^ ^mt 

r 
• « ■ ' ( • I 

Exam. 1. The Co-ftfficient 2 being fubftra£led froip^ leaycfi j^ 
to which joining 47 it is 3^9 but the Sign of 5 tM greateu 
Co-efficient is a^rmathey therefore 3 <? or 4- 3 ^ i^ the Sani 
required. 

Exam. 2. TheCo-efficient 12 being fubftra£ted from 16 leaves 
4p to which joining m it is 4 m, but the Sign of 16 the ^red.teft 
0>efficient is affirmative ^ therefore 4 ot or -f. 4 w is the Sunt 
required. 

Exam. 3. The Co-efficient 7 being fubftrafted from 21 leaves 
14, to which joining ^ ^ it is iJ^ad^ but the Sign of 2r the 
greateft Co-efficient is affirmative y hence 14^^ is iht t\xvci 
required. 

Exam. 4. The Co- efficient 5 being fubftra£led from r4 leaves 
9, to which joining m% it is pmz, but the Sign of 14 the 
greateil Co-efficient is affirmative^ hence 9m z or -{-9^2 is the 
oum required. 

Exam. 5. Exam, 6. Exam. 7. Exam. S. 

To — 14»2. — 9^ S^s ^am 

Add 7OT 2/ _^:« ^ *-*r4-/777r 

^v~>a>WMiMHMk a^iMiiSa.MMBk MMMMil^Mai^ *1^—M I I n 

Sum — '•jm ' — ']y —42 — ^am 

' Exam. 5. The Co-efficient 7 being fubftrafted from 14 leaves 
7, to which joining m it is 7 ;w, biit, the Sign of 14 the greateft 
Co-effiicient being -i^-, prefix that'Sign to 7 w, then is — ^jm the 
SuM -required. 

Exam. 6, The Co-efficient 2 being fubftrafled from 9, there 
remains 7 j to which jdiningjr it i8'7j^; but the Sign of 9 the 
greatcfl Co-efficient being '—, prefix that Sign to 7;^, and wc 
have — *jyy the Sunrretjuired, 

Exam. 7. The Co^efficient 5 being fubftra6lcd from 9 leaves 
4,:to w'hichjoining«iti!l4z, but the Sign of 9 the gteateft 
Co-cffictent being negative, prefix the Sigh -^^'to 4 «, and wc 
have — 42^ the Site required. 

C Exam. 



i t 

Exam, 8. The Co-efEcient 9 being fubftra£led from 14 leaves 
5, Co which joining ^m it is $amy bnt the Sign of 14 the great- 
eft Co-efficient being negative, prefix the Sign — to 5 jm, anj 
we h^ve — ?'5 tf w the'Sum required. 



£ifam. 9. 


Exam. 10. 


Exam. II. 


■ Exam. 12. 


To yam 
Add — am 


~8tf^ 


--i4;'«» 


— ay 

Toy . 


5uni 6a/7i 


tym 


bay 



E^am. Q. The Co-cfEcient of '-^am being Unity, cyr i, - 
v^hich fubftra£ted from 7 leaves 6, to which joining am it if 
6<7^9 preAxing to it the Sign of 7, the greateft Co-efficient, 
we have bam or -{-bam tht Sum required. 

Exarn^ 10. The Co-efficient 8 being fubftrafled from 9 leaves 
I, to which joining ad wc have i a dor adj which having al- 
ready the Sign 0/9, tbe^reateft Co-efficient, hence ^ ^ is the 
Sum required. * 

Examp 12. The Co -efficient of — ay being U^iVy, or i, which 
i^bftra£);ed from 7'leavQ8 6, to which joining 17 y it is bay^ 
. which having the (ame Sign with 7, the greateft Co-efficient^ 
6 ay is the Sum required. 

4. And if there are feveral Quantities conne£ted by the different 
Signs of -l- and — , to be added to feveral Quantities connected 
by the different Signs of -f- and — , the Quantities being alike, 
are added as in the fecond Article, only taking Care to prefix tho 
Signs, according to the Pire£iions in the firft and third Articles. 

« 
Exam, 13. Exam, 14. Exam. 15. 

To j/^a-^-jm — i^my-^J^az ijay-^iatn , 

Add — ' 8g-~3>7i jmy-^izaz — 3^y — S^^ 

Sum 6a-^j^m — Smy — 2az i/^ay-^ ^am 

Exam. 13, Is i4^-f-7m tbbeadded to — 8a — 3W. Now 
I») the Rule at 4rt. 3. the Diffisrence between the Co-efficients 14 
and 8 is 6, to which joining a it is ba, but 14 the greateft Co- ^ 
efficient having tbeajfrmative Sign, hence ba is the Sum of 1417 
added to — 8 <?. And the Difference between 7 and 3 the Co^ 
efficients of m being 4, fo which joining m it is 4 //z, but as 7 
the greateft Co-efficient has the affirmative Sign» therefore to . 
ba connedl 4^ with the Sign -J-, fo is ba^i^m the Sum required. 

•>: Exam* 
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JSxam. i^i Where — iS^jr — 14^2 is to be added to 
^ fw>-4- 12 jz. Now the Difference between 15 and 7 the two 
Co^efficients of my is 8^ to which joining my it is Sfny^ but as 
25 the greateft Co-efficient hath the negative Signy therefore pre* 
fix the Sign — to Smy^ afid it is -^^Smy: And the DHFerence 
between 14 and 12, the two Co-efficients of ^z being 2, to 
which jdining ^z it is 2/7 z, but as 14 the greateft Co-efficient 
has the negative Sign, therefore io "^6 my conne£); 2az with the 
Sign -^j fo is — 8«jr — 2* z the Sum required. 

Exam, 15. The Difference between 17 and 3 the two Co- 
efficients ofay is 14, to which joining ay it is 14. a y^ but as 17 
the greateft Co-efficient has the affirmative Sign, therefore place 
down 14a y or -f- I4^j^* And the Difference between 8 and 5 
the t1Mi^Go*efficients of am is 3, to which joining am it is 
9 tf jn, but as 8 the greateft Co- efficient has the affirmatiife Sign^ 
ther^>re prefix the Sign +t0 3<jf»T, fo is i/^ay-^-^am the 
Sum required. 

Exam. l6. Exam. i*j. Exam. 18. 

To —7^+16^ — 15^'+ IP 7^« — ^(>y 

Add %u — ±m ny — up — iiam-^-i'iy 

Suni — 4tf-|-i2OT — iJ;' — 4^ — 4tf/«-j- 2j^ 

Mxam^i6. By Art, 5. the DifFerence between 7 and 3 the 
two Co-efficient^f tf is 4, to which joining j it is 4/7, but as 7 
the greateft Co-efficient has the negative Sign, jtherefore prefix the 
Sigh — to 4 ^, and it is — 4 a. And. the Difference between 
16 and '4 the two Co-efficients of >« is 12, to which joining m it . 
is S2^, but 16 the greateft Co-effidient having the affirmative.. 
Sign, prefix the 5ign -j- to 12m, fo is — 4^ + 12m the Suia 
required,' ' 

Exam. 17. By Arti 1. the Difference between 15 and 7 is 8, 
to which joinings it is 87, but 15 the greatdft Co-efficient hav- 
ing. the negative Sign, prefix the Sign — to iy^ and it is — Sy. 
And the Difference between ^ and il the two Co-efficients of^ - 
is 4, to wiich joiniwg p it'is4^, but as it the greateft Co- 
efficient 'has the fiegati'Oe Sign i therefore prefix the Sign— to 
4^,. and ji is -*4^ fqis '^Sy-^^p the Sum required. 

Exam 48. By Art, 3. the Difference between 7 and II is 4, 

to whicH joining am it i^ 417 /», but as 11 the greateft Co* 

efficient has the negative Sign, therefore prefix the 5ign — to 

4tf/w, and it is — 4^^. And the Difference between 16 

, -'-• C 2 and 
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ai]4 i8 i* 3, to which jpiniog^ iKB^iy, but as iS thesmttft 
C^.^cifnt his the affirinoiive Sign^thecefore prefix tbe Sign.-f*- 
tq 2jy iBn^it is -)- l^i lb< if." \ti.m -f? 2jr the Sum reqaind. 

To t4'n_y. — ffitf ,' ■^S^'^'^KiS? — i+'O'-^S^'A 

Siiift' iitny-^yn^a^ — tfyi-Y\z% '. — I3<ijii-|-+Ki^ . 

Exam. iq. The Cp- efficient of — ma)& I, which Ixing fa]! 
Art. 3.' fubftrafted fio(n.4 leaves 3, tfl which joii)ing.;n«!-it «■ 
3ni«, as in the Ai\(w^ ; and. by the fame Method in 

''Exam. . 2Q. . If — '^y d 'is added .to., yd or i j» ^ tiffiiSum Ui ^ 
~~A3^'> and likewifc.iri 

''hxiim. 21. \i'—:\^dy. is addcj^. to, tfjt-V ^^h the Suwiia 
— iidy. ,. . 

5. If the Q^i^ncities are alike and the Co-efficients are equal, 
but the Signs are one affirmallvey and the other negative^ thcfe 
being added together deflroy each other, or the Sum Of them is 
Z Cyphir ot nuihirtg. ,,..■ 

' . Exatn. 2. Exam. 3. . . Exanu^, 

— 57 H"* sy^ 




''Exam. I . By-A'rt.'j, the Sigiis being unlikp the Co-efficie^tis 
aiittJ fee fubftraftedt mif„7 taken from 7 Icavcf 0, and Utfi this 
we join a it is 00', or.nj /«^« a, that is, the C^antity' a is ta^, 
b£ tuiicn no times or riot at all, which is the faine as Mtf (V^„* 
SS'tifrhc foiinh "fixampfe, if 5 is rubftrafted from 5, tbei;e<rd- 
majns o,,or^na;i/w^,.,to.i(vJiicb if wc join ya, we thui haxene 
tims y'a^ 01 ,notf}lng^. ' ■■!■,'■■ -■; 

_,[e.JCa/e3. When, the Qjjanritjei. are ..unlike, tha^ »3t, the " 
L'fttters are different, then fet theny^^ifEn^one afte^ 1^9 q{her,; 
wiih'the fameCo-efficienis andSigr^'they hftve in the Examfii^, , 



J tTiis is the Sum 



'^Tl 



Andjhey may be fct Tn any: Onjcr, that is, any. Qi^tt^ 
maj^-fc^ret fiift, in tljc middle qt Jaftt 't' being no't outei;ial . 
hoflTtlif are ranged, fo as they ar^, but connwed wUo their 

proper Signs. '. " r ; 
," , ■ Bxamt 
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• 

To 
Add 

Sum 


Exam, I. Exam, 2. Exam* 3. 
•an 3»f ' m^d 
3d Sa 7.y 



13^ 



Exam, I. The Quantities or Letters being unlike. By 
Art. 6. I place down 2^, and becaufe 3^/ has the Sign 4*, there* 
fore after the 2 n put -f* 3 ^9 ^o is 2 ^ 4^ 3 ^ the Sum required. 

Exam. 2. Having*put down the 3 m, atter that put -{- 5 1^7 the 
other Qua^ntity with its Sign, fo is '^m^sa the Sum required; 

Ex£un^,Z* Having put down a^ after that put -^^d^ andaftar- 
that + 2 jr, fo is tf 4- ^+ 27 the Sum required. 

Exam. 4. . Exam. 5, 

To ^a-^jm 2a-j"^5 •' 

Add, 37 + 5 g - - g— 7^ 

Sum 2tf — 7^+3)^ + 521 2tf + i5-4-»-*7rf 

Exam. 4* Begin and place down 2 j, after that ^^jm^ after - 
tliat +3/, and after tl^t + 5 z, fo is 2«— 7-«» + 3y + 5« 
the Sum required. 

Exam. 5. Begin and place down 2^, after that 4* ^5* ^^^^^ 
that + z, and after that — yd, fois2<i + i5 + z — yrfthc 
Sum re^uifed. 



To 7^+15)^ — 'i'5»» + 7<' 

Add — ^.a'+'mn 8y — 2t 

Sum 7OT-J-I5;'— 4^+»«« — i5»i+7fl+8j'— 2* 

To 16 +7iw — i4»»."^iSy. 

Add — 2<a-^8rf tf— 7 ^ 

Sum . .14 +7w-.-2^— '8rf — I4»r— i5;i4-^— «-7 



■3 



. ■ . . . . . 

ExaQipk^ jfirheiein all theib^oiog Cafis /are promifcuoufly, tiled* 

Exam. I. . Exam. 2. 

To * 'j^^^isd-{-m - " — 8a+ 7111— 2iJtf. * 






Add- ;5i»~f--i«<r-"-' ■ ii«^t2»»+ sy . 

Sonr • I2i'+ 3^+« '" 3 a— 5^—21*+ 

• iffririw;-r.'7flr addedto5jmakes i2/7yby Art. i. and— -15^^ 

added to i8i/ makes 3//, by Art. 3. and there being no Quan*^ 

tity like /77^ that ng^Jl, tic^prju:cd by icfelf, by Art 6f and connect- 
^''- s^ t - " "^ ■ - iti^ 
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jng thefe Quantities with their proper Signs we have viXi'^T^d 
^niy the Sum required. 

Exam. 2* — Sa added to iia makes 3 Oy by Alt. 3. ztid 
7m added to. — 12m is — 5^1^ by the fame, but 2l;e and 5^ 
being diflFerent, place them down one after another as at Art. 64 
fois3tf— 5m — 2i;if+5jp the Sum required. 

Exam. 3. Exam. 4. 

Suna —' 15^+14 w — 16 iiam-^yyd-^^mH 

Add 7Jr-"i4^H-j^; -^ sam — 2yd--^ya 

Exam. 3. — 15 ^ added to 7 ^ is — 8^, by Art. 3. and 
14 w added to -^t4.m is nothing or o, tJy Art. 5. . therefore , 
take no Notice of tbofe Quantities in the Sum, and —^16 and 
jr being different Quantities fet them, down by Art*. 6. fo Is 
-— So"-^ 1 6 +;' the Sum: required; 

Exam. 4. nam added to — ^am is 6amy by Art. 3. and 
— -yjrf added 'to'^*^^yd k -^gyd^ by Art* i^ But mn and 
•7-7/7; being different Quantities fet them down by Art^ 6« andl 
()am — gyd-^-mn — ja is the Sum required. 

Exam, 5. . • Exam. 6. 

To 4a — 17;^ + 15^^ —7^ + 15 + 4^ . 

Add — 2g/4"3^'^^^" — 4a — ii4-8^ 

Sum i^ap-j^ ja-^jgy /» + 4" 



Exam. $. '-^lap added to 15^^ is 13^^, by Art. 3. 34 
added to 4^ 137^, hy Art. i. and — 2y added to — ijy is 
— iQj^, byArt. i. hence 1 3^7^ 4- 7^ — igy is the Sum required. 
" £xam^ b. "^j m added to 8 m^ the Sum is w, by Art. 3. 
15 added to — 11, the Sum is 4, by Artr 3. and 4^ added to 
-v*409 tbeSum is o, of nothings by Art. 5. hence m -1^4 is 
the Sum required. 

In thefe two Ejcamples the fame Quantities are not (et under 
one another, to {how. the Learner that however they are placM, 
if the4]2u2ntitjes are alike, they are to be added as if they ftood 
one under the other. ' " 

The more perfectly Addition is uAder(loed» the eafier it Wjpil 

lender^ the Work of Subftradion. 

- • .' 

SUBSTRACTION, 



■ ( 15 ) 

SUBSTRACTI ON, 

» 
7.T S perrormed by one general Rule ; change all the Signs of 

X thofe Quantifies which are to be fubftrafled, or fuppofe 
them in the Mind to be changed, then add thefe Quantities to 
tiie others, according to the feveral' Rules of Addition, which 
will be the Difference or Remainder required. 

I would advife the Learner to take out the Examples, and 
put down thofe Quantities which are to be fubftra<E^ed with 
contrary Signs, to thofe th^ have in the* Exaitiples ; that is, 
inaidng thofe affirmative which are negative^ and thofe negative 
which are affirmative^ and then proceed as direi^cd in the 
general Rule. 

Exam. I. Exam. 2 Exam. 3. Examm 4. 

From 5« 7 m "^Sy — -8«' 

Subftra£t 3^ Zm •'^2y ' — 4.% 

Remains 2 a ^m — ^y — 4« 

. Exam. I. Here 3 j the Quantity to be fubftrafled has the Sign 
4-» which being made or fuppofed to be made — , then by our 
general Rule 5 a is to be added to •— 3 ^, the Sum of which is 
2/7, ]>y Art. 3. and this is the Remainder required. 

Exam. 2. In the fame Manner 2 m having, or being fuppqfcd 
to have the Sign — prefixed to it, then by the general Rule 7f« is' 
to bi^.addcd to — 2my the Sum of which is ^m^ by Art. 3. and 
th'^ is the Remainder required. 

' Exam. 3. And if we fuppofe — 2 j' to be 2yj or +2y, then 
by the general Rule — 5 >> added to -{- 2y. the Sum is — 37, 
by Art.' 3. and this is the Remainder required, 

Exam. ^. If we fuppofe — 425 to be 4%, or +42, theu 
by jhe general Rule if — 8z is added to 4%, the Sum is ^— 4;«, 
by Art* 3. and this is the Remainder required. 

Exam. 5. • Exam. 6. Exam. 7, Exam. 8* 

From I4.mn — yyd ^^syx ^ay 

SubftraA — ^ 2wfi -^ 5yd +3>'-*' •*3^jr 

llemains ibmn — 12yd -^iyx 'jay 

Exam. 5. The Sign of 2mn being -— if we fuppofe it -|-f 
theft Ijy the general Rule j/^mn added to ^mn^ the Sufn is 
l^mn^ by Art. ;« the Remainder rcc^uircd, £xam% 
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Exam. 6. If we fuppofc ^yd to be — Sy^^ ^^^ ^7 ^^^ 
general Rule — ^j y d added to — S ^^ rf, the Sum is — 12 yd^ 
by Art. i*. ^the Rerriainder required. 

* Exam.*], And fuppofing ^y^ ^? t>c— 3yAr, then by the 
general Rule — ^yx added to — 3 y Ji?> the Sum, is — 8 y *", 
py Art. I. the Remainder required. 

Exam, 8, And if we fuppofe — 3flry to be 3<7y, then 
by the general Rule ^ay added to 3tfy, the Sum is Jayy by 
Art. I. the Remainder required. 

From ^ sam — ay — yad ^yd 

Subftraft ^^ >am — ^ay ^ ad yd 



Remains 6 am 4. ay ^-^8 ad /^yd 

The Truth of Subftra&ion may be proved ^ in common 
Arithmetic, by adding the Remainder to the Quantity which is 
fubftra^Ud, and if their Sum is the fan)e as that from which the 
Quantity was iubfl:ra£led, the Work is true, otherwife it i» 
erroneous. 

T-hus in the four lafl: Examples tarn added to — »«, the 
Sum is $am. 

And \jay added to — 5^y, the Sum is '^ay. 

And -^S a d added to a dj the Stim is — 7 j ^. 

And 4y ^ added toy ^, the Sum is ^yd. And in tbe fame 
Manner may any of the other Examples be proved. ' 

8. If two or more Quantities conn^£fcd by the Signs + or 
-i-, are to be fubftraSed from other like Qi^rantities connefted 
by the Signs + or — , it is done in the fame Mannefr, only 
liking 'due Gare to conneft the renjaining Quantities with their 
pro[>er Signs, as was done in the Addition of compound Quantities* 

Exam. 9. Exam, 10. Exani. ii. 

From 12^ + 7^ yw^ + SJ' ^^S^y^ — ^^^ 

Take ^^'h^b bma-A-^y 3 i&y + 4><y m 

BJeniains' 9^ + 5^ ma-j* y — i-xy-r^bam 

r^xam. 9. By-fuppofing T^a to be — 3^7, then — 3/1 added to 
IX(L the Sum is 9^, by Art. 3, and again ^ fupppfing 2* to 
be.rr24»-then — 2 Padded to 7^ the Sum is 5* by -the .iamey 
anj comiejling thefe Quantities we have ga -|"5^r ^h® ^^' 
mainder required. 

Ex^m^ lOi (urn a being fuppofed negative,- or to be 
•^'6^«^,..ilierx — 6 mM added to. 7 m a the Sum is ma^ and 4y' 

.... b««g. 
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being fuppofed to be —4)^, then — i^y zidti to ^yxl'*^ Sum is y^ 
htt\ctma'\-y is the Remainder required.. 

Exam. II. T^zy beiug fuppofed to be. — 3 2: j^, and ad^in^ 
this to — ^zy the Sum is — 8 zj^, by Art, i. and ^am being 
fiippofed to be — /^ani^ by adding that to --^ 2 am. the Suqa 
by Art. I. is — 6 tf ;w,.hence — 8 z;' r- 6 « ;h, is the Remainder 
required. 

Exam, 13. 

^'']mn-\-2yd 

^^mnJ^^yd. 

— , . 

'— 4m« — yd 



From 
Tafce 



Exam. 12. 
- 3^ — 5/ 



Exam, i/^^ 
5«— 7 • 



Remains 17 a 



3^-jrm + 7 



Exam^ 12. The —317 being fuppofed by the general Rule to 
be 3^, and adding that to 14^ the Sum is 17 a*, by Art. i. and 
the — ^y being fuppofed to be 5^, if we add 5^^ to — 5^^, 
the Sum is z Cypher^ Cr nothlngy by Art. 5. hence 17 a is .the 
Remainder required. 

ExaM, 13. The •::- 3 m n being fuppofed to he 3m//, then by 
adding '^mn to — 'j mn the Sum is — 4WI », by Art. 3, aiiA 
2yd being fuppofed to be — 3 y ^> and adding — 3y i to 2y ^/ 
the Sum is — yd^ by Art. 3. hence — 4f«« — yd is the Re* 
matnder required. 

Exam, 14. The 5 a being fuppofed to be — 5 <?, if that is 
addcfd'to 2«f the Sum is — 3^, by Art. 3. hut the m and ^r 
being different Quantities, let them d6\frn by Art. 6. only take 
particular Care to change the Sign of 7, according to the general 
Rule for Subftraftion, then will — 3 <» + ^ + 7 be the Re- 
mainder required. 



Exam. 15. 
From •— am'\'y 
^ubftrad 4- <'^^ A- y 



Exam, 16; 
— 3y^;?— 16 



^cnriains » — 2am 



liyd-^-^^ 



Exam* 17. 

— d.-\-n — 84 

is4+Ta 



The Truth of thefe Qperatioris, is proved jn the fame M^n- . 
pc|r 9$ in Subftraftlon of ftmple Qi^i^ntities, by adding . thf 
|lemain4er to the Quantity wbich is fiibftfa^ed, and obrffrving - 
|f th^l^Suni is (he iame, and has the faine Signs^ wUb tbg^ 
Qj^t]tie$ from which the Subftrafliop ^as i:nad^;. Thus, 

^y^^. 15. -- 2 f? m addded to (i ^^ the S^fT) is -^affff by ' 
Art. ^. to tyhicji connefling y with the gign 4-| we find tb^t 
by ?^^in|5 r- 2a m to ^ w rf- y, tjie 3um is — em^^ Ji tb« 
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Exam. i6. If liyd is added to — "ly d the Sum is 1^3^% 
by Art. 3. and 36 added to — 16 the ^m is 20 by the fame, 
hence the Sum of 18;' ^-^-36 added to— 3;^^— 16 is i5J^^+2oi 
the Quantity from which the SubftraAion was miade. 

Exam. 17. By adding i^d to — d the Sum is 14^/, by 
Art. 3. and by adding 7 j to — 8 tf the Sum is — j, by the 
fame, to which putting down the 7, there being no Quantity 
to be added to that, hence 15 i-[- 7 ^ added to — ^4-7 — 8ii 
the 'Sum is i\d-{''] —a^ the Quantity from which the Sub- 
ftradjon was made. 

But if the Quantities to be fubftra&ed are unlike thofe from 
which the Subltraction is to be made, fet down thefe with the fame 
Signs and Co-efficients they have in the Example, after which 
place the Quantities to be fubftraAed with their Co-efficients, 
but change their Signs. . 

Exam. 18. Exam, 19. Exam. 20, 

From 2 a ^^ 3y 5^ 
Take : . d 2 a — 27 

Remains 2 a — d — ^y — ^ ^ S^'+^> 

Exam, 18. Having put down 2 a, after which put —if/, the 
Qiiantity to be fubftradled being 4* ^> and 2 a — i is the Re- 
mainder required. 

Exam, 19. Having put down — 3;^, to that conne£^ 2tf with 
the Sign — , fo is — ^y — 2a the Remainder required. The 
2oth Example is done in the fame Manner. 

And if compound Quantities are to be fubftra£ted from com- 
pound Quantities, bat unlike, fet down all the Quantities on9 
after the other, but change the Signs of thofe Quantities which 
are to be fubftra<fled, as in thefe Examples. 

From 2^+5^ — 4</-|-^/^ 

Take 2 y—2d — 5^ + 3.y 



Remains 2^-|-5w^~3y-l-2i — 4^+2^+5^ — 37* 

Having wrote down a^ + 5/w, to that conneft 3y with the 

' Sim — , it being 4* '^ <^^ Example, to which conne£ir 2 d 

' tifith the Sign +, it being — in the Example. 

• * ■ Irt the other Example, having wrote down — 4^4- 2^, to 

this oonne£t 5 a with the 5ign +? it being — in the Example, 

to' which conneft 3 y with the Sign — ., ii being + in the 

Example, 

MULTI- 



MULTIPLICATION. 

In Multiplication there are three Cafes. 

{g.)Cafe LVfT" HEN* the Signs of the Quantities to be 
W multiplied, are both affirmative^ or both 
negative^ fet or join the Letters together, and to theai prefix 
the Sign +, which will be the Produd required. 

£xam, I. Exam, 2. Exam. 3. Exam, 4. 

Multiply a y — 2 — da 

By d m T— n ' •—* ;^ 

Produd da my az dax 

Exam, I. Having joined the Letters da^ and each of them 
having the affirmative Sign, therefore, by the Rule, da^ or 
+ //<?, is the Produft required. 

Exam, 2. Having joined the Letters m and y^ and each of 
them having the a^irmative 3ign^ thexefore^ by the Rule, nzy, 
or.-j-ff2y,^ is the Product require<}. 

Exam, 3. Having joined the Q^iantities z and a^ and each of 
them having the fame Sign, therefore, by the Rule, a z^ or 
-}- « z> is the Produft required. 

Exam, 4. Having joined the Quantities da and x, and both 
having the fame Sign^ therefore dax^ or -j- da x, is the Pro- 
dud required. 

Exam. 5f Exam, 6. Exam, 7. Exam, 8* 

Multiply a —-am ^^.T . ^ ^ 

By a ' . -r^ d . — dp an 

Produ£l a a a md dp y a ma n 

■ * 

Exam. 5. Having joined a a^ and both the Quantities being 
affirmative, therefore a ah the Produ£^ required. 

Exam, 6, Having joined the Quantities a m and //, and both 
having the Sign — , hence a md is the Product required. 

Exam, 7. Having joined the Quantities y and dpy and be- 
caufe both have the fame Sign, therefore dpy is the Produft 
required. 

Exam, 8. Having joined the Quantities am and a n^ and 
both having the fame Sign, therefore am an is the Produ6l 
required. 
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JO. If the Multiplicand confifts of two or more Quantities 
Con|ie£i;fd by the Signs >-[* or — , then thi? Multiplier' nauft be 
mCiIlfiph'ed into each -bf thofe Quantities, prefwcinj to each par-* 
ticular Multiplication its proper Sign, which will give the Pro-' 
dudt/ Thus,^ 

JSxa/n. ()f Exam. lo# Exam,. iXr, 

Multiply ^ + rf zA-y — ««y — n 

By m i ^-p 



Pfoduft m a -\- m d d^-^dy p m x -^p n 

Exam, 9^ If vih multipjy a hy w, the Produft is m a, by 
Art, 9. and multiplying d by w, the Produft is m d, by 
Art. g, but as m and d have both the affirmative Sign, therefore 
prefix the Sign -j- before m d^ and ma '\-md i« the Produdl 
required. . . 

Exam. 10. Multiplying z by d^ the Produd is ^/z, an4 
tnul^pJying j^ by //, the Prbduft is dy.^ by Art. g. but as ^and 
')' have bpth the Sign -f-, orefixing that Sign before dy we have 
^2/ + dyy the Produfl: required,' 

' Exam, IX, Multiplylilg ~;wAr by — /, the Produft is^/^jat^ 
by Art. 9. and for thefam^ Reafon — n multiplied by — py the 
Produfl: is /► «J then corineAing pmx and pn with the Sign +, 
we bavfe p'm X'^P^y ' the'Ptodu£l required. 

Exam. ^2. Exam, 13. Exam. 14, 

Multiply '—m'^y — a — zy ad-^-v^ 

By — d — X y ' 

Pl-oduiSl* , dm-j-dy ax'^xzy ady'-{-yz 

Exq/n, 12. Multiplying — ;w by — d, the Produft is md by 
what was faid at Example ir, and multiplying — d by — y^ 
the Produft is for the fame Reafon dy^ and connecSling dm and 
^ji with the Sign 4-9 we have dm-^dy^ the Produd required. 

Exam, 13. Multiplying. — a by— ;v, we h^vtax for the 
Prpdud:, as in the laft Example, and from multiplying — ^y 
by — AT, we h^ve for the fame Reafon x zy for this Produd^ 
then connedling fx and xzy with the oign -J-, wc have 
ax-^xzy^ the Prod.v(5 required. 

Exam, 14. Multiplying ad by y, the Produft is ady^ and 
multiplying. z by ;^,' the Produdb isya; but as the Signs of^ 
and z are both alike^ therefore prefixing the Sign -\- to yZy wc 
has^ ady-\-yz^ the Pxoduft required* . . 

n. It 
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Xr. It may not be improper to caution the Learner, that ill 
Multiplication it is quite indifferent which Letter he places firft^ 
or laft, for to multiply am by d^ the ProduA is a m d; or 
mda, or dmaj or a d m, or any of the different Pofitions 
in which the three Letters can be placed ;, this- will be more 
compleatly and fully underftood when we come to apply the 
Science to the Solution pf Problems : But^ th;it the Learner n;ay 
form fome Idea of the Truth of this, fuppole we were to multi- 
ply 3, 5, and 7 together, the Produdt will be the fame in what- 
ever Order thefe three Numbers are multiplied. Thus, 

f T I f I ■■ "t B ' ■■■! 



15 35 21 

7 3 5 



XO5 105 105 

This Obfervation I advife the Learner to fix in his Mind, to 
prevent concluding he ha^ done any of the following Ex^pte| 
crroneoudy, by happening to place the Letters, different fro4| 
what they are in the Book. 

12. But if the Multiplier and Multiplicand confifts of two or 
more Quantities, then begin and multiply the Multiplicand by 
any one Quantity in the Multiplier, according to the Directions 
in Art.. 9. and ;[o. after that multiply the MulHpIieand by 
another Quantity in the Multiplier, and put thb Prodliift under 
the other, ^nd continue doing this till the Multiplicand has been 
multiplied by every Quantity in the Multiplier ; then under thefe 
Produdtg draw a Line, and add them^ together by the fevcral 
Cafes of Addition^ and this will be the Produdk yequived^ 

Exam, t. 

Multiply « + * 
By m^-n 



l m« ' ' m > * *• 



ma-^mb the ProduA of ^7-f.i muhrpfEec? hf m'^hf 

Art. ic. 
na-\-nb the Produdl oi a-\-b multiplied by »y fcjf 

the fame. 



<» ■' '■ " '■■ I \ \\ 9 



ma-jr^brj^na-^nb the Sum by A^t. 6. tftcFrOr 

dud r^uirjBd,. 

|yf&itip9r 
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I 

Maltiplj w+J' 
By iz+rf 

tfw-l-tfj^ the Product of /ti+J^ multiplied by tf, by 

Art. 10. 
fnd'\'yd the Produdl of /w+^ multiplied by d^ by 

the fame. 

« 

am-^ay'\-md'-\'yfl the Sum by Art. 6. the Pro- 

dudl required. 

Multiply *— 'tf — d 
By — Tn — z 

iwtf-|-w^ the Produdl of — a^^d multiplied by 

— OT, by Art. lo. 
a%-\'d% the ProducS of — a — d multiplied by — z, 

by the fame. 



ma'{-md'\'aZ'j;'dz the Sum by Art. 6. the Produdl 

required. 

Multiply j + i 
By. a + b 

^aa-^-ab the Produdl of aJ^b multiplied by tf, by 
'\ .' Art. 10. 

a b'^'bb the Produift of ^ + * niultiplied by *, by the 

fame 

aaJ^iab-^-bb the Produd: of ^-j-^ multiplied by 

a-^b. 

; Now in the Addition of the laft Example I obferve there 
is a b in each of the two Lines, and there being no Co-efficient 
prefixt. Unity or i being then always underftood to be the Co- 
efficient, hence lab added to i^^ is 2^^ ; the other Quantities 
a a *and bb are fet down as in the former Examples, therefore 
aa-^iab-^-bb is the Producft required. 

And in fuch Additions as thefe I would recommend it to the 
Learner, before he begins to add, to examine the feveral Quan- 
tities and fee if the Letters in any two of them are alike, and if 
they. are to coUedl them into one Sum, according to Art. i and 
3 ; remembering, that though the Letters which compofe th6 
two- Quantities are not in the fame Order in each ; yet if they 
are but the fame Letters, and no more in one than there is in 
the other Quantity, they are the fame^ and may be added by 
Art I atid 3. 

The 
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The four following Examples are for the j^xercile of the 
Learner. 



Multiply 
By 






a y-^b y 



a+y 



aa-^ay 
ay+yy 



Produ£l am'\'mb'\-ay'\^by 



Multiply 
By 



y+m 

y + m 



aa'\-2ey'\-yy 
—a—d 



yy+ym 
ym-^mm 



aa-^ad 
ad^dd 



aa-j-zad-j-dd 



VroduA y y '\'2ym-^mm 

13. Ca/e 2. If there are Co-efficients or prefixt Numbers, 
then multiply the Numbers as in coipmon Arithmetic, and to 
their Produdls join the Produfis of the Quantities found by the 
laftCtf/^. 



Efcam, 

Multiply 2 a 
By 3W1 



I. 



Produd bam 



Exam. % 

, V ., 
15 my 



Exam. 3, 
"^ *] a d 

21 a d m 



Exam, 4. * 



— 2y 

— a 



2 ay 



Exam. I. The Produ<5l of the Co-efficients 2 and 3 is 6: the 
Produd of a multiplied by m is am^ the Signs being alike, joining 
thefe together it isbam^ the Produft required. . . 

Exam* 2. The Produdiof 5 by 3 is 15: tJieProdudtof m 
byy is my^ for the Signs are alike, joining thefe together it 
is I5my^ the ProduA required. 

Exam, 3. The ProduA of 7 by 3 is 21 : the Produdl o( a d 
hy m h a dm^ the Signs being alike, and joining the 21 and 
a dm it is 21 a dm^ the Product required. 

Exam. 4. The Produft of 2, and i the Co-efficients oia, is 
2, to which joining ay^ the*Produ<ft of ^ and y, it is 2a y^ the 
Produ<ft required, for the Signs oi 2y and a are alike, being 



both negative. 



Multiply 

B7 



•jam 
nd 



6dz 
2a 



■3yp 
•3y 



9jyp 
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t.:lt4- ^^ if tlw^e are t^oor morcQiiantities w?th Gb-efB- 
cients confnecfted by the Signs + or — i to be multiplied by any 
Quantity and its Co-efficient, they are multiplied as in the.laft- 
Article, 6nly connefting the feveral particular Produds together 
with their proper Signs, as was done at Art. lO. 

Exam* r. Exam. 2. Exam. 3. 

Multiply 217+3^^ ^y-^S^ '^^y — ^^ 

By jm^ 5m —2z 

Produft 6a^'jr9^ isym'\-2sdm byz'^tza 

Exam. I. Multiplying 2^7 by 3^1 the Produdl is 6 ^ m, by 
Art. 13. and then multiplying 3»j by 3 ^ the Product is 9 i;w, 
by Aft. 13. to- which prefixing^-thc- affirmative Sign, as the 
Signs of 3 ^ and 3 ^ are alike, zuA tam^^bm istheProduS 
required. , , ' 

' Exam. 2l Multiplying 3y by 5^1 the Produft is t^ym^ by. 
Article 13. then multiplying 5 /« by 5 rf the Produ^ is 
2^dm, to" which prefixing the affirmative Sign', as the Signs x)f 
5^ and ^m are alike,' and i^ym-^2$^m is the Produ£l 
required. 

Exam. 3, Multiplying —27 by —32 the Produft is 6ys^ 
by Ai^'t. Q and 13. Agkin, multiplying — 2 a by — 3% the 
EroJiifl-is 6azy~ ior the Signs of 2a and .32 are alUce,. and con- 
neding 6yz and 6za with the Sign +, we hsLyc6yz'\*6za^ 
tbp Produft required. 

Bxam^i^ ^xam* $• Exam. $. 

Multiply sm-^iy — 2d — 3;^ — 3^~7^/ 

By . ta -^4^ — 2^ 



Produft i%ma-\-i2ya ida'j-i2ma bya^i/^amf 

Exam./^ Multiplying 3 m by 6^ the Prpduft is r8;»/7, an4 
multiplying 2^^ by 6<i the Prpdu^ is I2;'<7, and placii>g irh(? 
$igri -^ before 12 ya^ becaufe the Signs of 6^ and %y ar$ 
liilie, w^ have i$ma + i2ya^ the Produft required, 

fixam. 5. Multiplying '—2^ by ^^4^ the Produ^ is %dq^ 
tor the Signs of 2 i and 4. a are alike, being botji peg^tive^ 
therefore S^aor + S^^^is the Produft pf thefe Quantities^ 
Now^ inultiplying -*4^ i>y -r-3m the Produdl is ?2;w/f7^ to 
which prefixing the^^mative Sign, as 3;;i and 4. a have t}\g 
^meSign, both jbeing n^ativc, and we harp ^^q^}7,m-0^ 
|J)P Pwlu^ re^vircd, 
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Exam. 6. The Produ^ of — ^y ^Y — ^^ '^ bya^ or + (>yay 
and the Produdl of — imy by — 2a is i/^amy^ or + T^amy, 
hence, for the Reafon in the laft Example, 6y a -^na my is 
the ProducS" required. 

Multiply — 3OT — id — 2% — ^y ^ — 4</— 5»i 
By -^4<? — 4<? — 2i 



Produdi i2ma + ida Sza+I2ay. ^ iidb^iomt 

15. Aixd if there are two or more Quantities with Co- 
efEcients connefted by the Signs + or — , to be multiplied by 
two or more Quantities with Co-efficients conneifled in the 
iame Manner, the Quantities are to be multiplied as at Art. 12, 
taking due Care to multiply the Co-efficients as has been taught 
Art. 14. Thus, 

Multiply 2tf + 3* 

By 3^ + 5^ 

■ i^— — — ^— — 

taa-^rgab the Produ^Jl of 2^ + 3* multiplied by 

3^, by Art. 14. . -. 

joma-^ i^bm the Produdl of 2 « + 3 i multiplied 

by 5^1, by the fame. 

,6a a + gab+ loma + i^bm the ProduA re- 
quired, being the Sum of the two particular Produdls which aii 
added together by Art. 6. 

Multiply 3m + sy . . 

By 2^ + 3;? 

b a m-i^ 10 ay the Producft of 3«i + 5J' multiplied 

by 2tf, by Art. 14. 
gmn+ i^yn the Prpdudt of ^m + ^y oitdtipIi64 
^ by 3^, by. Art. 1 4. 

(>am+ 10 ay -^-Qmn+ i^yn the Product required, 
being the Sum of the two ProduAs which are added togethier 
by Art. 6- 

Multiply 2 <? + 3 * 
By 2a + 2b 

d^aa+bab the Produ<5l of 2 <2 + 3 i multiplied by 

2tf, by Art. 14. 
/^ab-\' 6bb the?rodu<ft -of 2n« + 3 i multiplied by 

2 ^, by the fame. 

j^aa+ ioab -j- 6 ^ A the ProduiS: required. In this 

« £ AddiUQi^ 
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^ • 

Addition the Reader is to obferve that in one Line there is bah^ 
and in the other Line there is ^ab^ which two Quantities 
added together the Sum is iqab^ by Art. i. but the ^aa and 
6i b being difFerent Quantities, they are fet dowii by Art. 6. 
hence the Produd of 2^ + 3* multiplied by 2 « -j- 2 4, is 
j^aa -{' 10 a b + 6bk 

Multiply ^a + yb 3^ + 2* 

By 2^ + 5« a + ^b 

Produ£^ 6^^:+ i4^</ + i5tf/2 + 35^« 3/7^ + 14^^ + 8^* 



16. Cafe 2* When the Signs of the two Quantities to be 
multiplied are one affirmative and the other negative, then 
multiply the Quantities as before direfled^ but to their ProduA 
prefix — , or the negative Sign, 

Exam.i. Exam. 2. Exam, 2* £xam»^» 



. 1. 



Multiply — b — tf — am — rff« 

By a d y ^ 

txodii&'^ *^ba '^ad — amy '-—dms^ 



Exam. I. The Produft of'i by ^ is ^ J, for Multiplication is 
only joining the Letters, but as the Sign of b is — , and 
that of a is +, therefore to b a prefix the Sign — , fo is 
— A J the Produa required: 

Exam. 2. The Produft of a by d is ady but as the Signs of 
a and d are difFerent, therefore prefix the Sign — to ad^ and 
— * ^ ^ is the Produfl required. 

Exam. 3» The Produft of ^i « by ^ is ^ my, but as the Signs 
t>f a m and y are, different, therefore prefix the Sign — to amy^ 
to k — a my the Produdl required. 

Exam. 4.. The Product of im by « is dmz^ but as the 
Signs of dm and z are difFerent, therefore prefix the Sign — 
to dm %, fo is '^dm z the Produft required., 

This Operation being the fame as at Artv 9. taking Care 
to make the Sign —, I (haU only fubjoin the following Ex- 
•^unples for the JBxercife of the Learner, 

Multiply 



f ' 




MULTIPLICATION. 

Multiply xm — >« —II* 
By -y d d, 


—t 


Pfoduta —Kmj —ym'd —axdy — 


map 



17. And if two or mare Qiiantities with Co-efficients are to 
be muhipiied inlo any one Qi^iantity with a different Sign, they 
are multiplied as at Art, 14. laking Care of the Signs ariling in 
the Produifl, according to Art. 9 and t6. 



Exam. I. 
MuUip]y — 3 a — 22 
By ,« 


Exam. 2. 
2^ + Srf 


Exam. 3. 

— 5M— 2^ 


Frodud — gom — bx-m 


— tay—isad 


— l^md — bdy 



Exam. I. Multiplying 3« by ■^m, the Produfl by Art. 13. 
is gam, but as 3m has the Sign -j- prefixed to it, and 3a has 
the Sign — prefixed to it, therefore to the Produifl gam prefix 
the Sign — , by An. 16. Again, 2z multiplied by 3 m the 
Produil is 6znj, but as 2S has the Sign — to it, and ^m the 
Sign +, therefore to 6Em prefix the Sign — , by Art. 16. and 
■ — aam — 6zw is the Produtft required, 

Exam.2. Multiplying 2y by 3(1, the Prod udl: is &ay, but 
as the Sign of 2^ is +» and that of 3a is — , therefore to 6 a>i 
prefix the Sign — , by Art. 16. Then multiplying 5<^ by 3J2 
the Produft is I5flrf, but as the Sign of 5 li is +1 ^'^'^ that of 
3* is — , therefore prefix the Sign — 10 i^a d by Art, 16. 
and — bay — 15 a if is the ProduiS required. 

Exam. 3. Multiplying 5 m by 31/, the Produil Is i^md, 
but as the Sign of $}n is — , and that of -^d is +, therefore 
prefix the Sign — lai^md. Again, multiplying zy by jr/, 
the Produ<S is dyd, but becauTe the Signs of 2y and 3// are 
diiFerent, therefore prefix the Sign — to6i/y, and — i^md — bdy 
K the ProdutS required. 

Examples for the Exercife of the Learner. 

Multiply —2a— 3* 3'" + 7J' —5?— 3* 
By 4= — 2<f 3^ 



^ 



Froduift — 8ffa — I2ia — bmd — i^dy — Ifj'"' — 9l">^ 

18. And if two or more Qi^ianiities with Co-efEcients are to 

be multiplied with two or more Quantities with Co efficients, if 

their Signs are unlike, yet they are multiplied as at Art. 15. 

taking due Care of the Signs of tlie Produd, by Art. 9, and 16. 

E 2 Miikl^lf 
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Multiply -—3^1 — 2fn 

— i2^^-r-8^w the Produft of — 3^ — 2m multiplied 

by 4^, by Art. 17. 
.^iStf^—iijnw the Produ<a of — 3/7 — 2m mulii- 
plied by 6j^, by Art. 17. 

— 12<?> — 8*m-— i8tfy — 12>»» the Produft re- 
quired, being the Sum jo{ the two particular Produ^s, which are 
added by Art. 6. 

Multiply 5^^4-3^ 

By — 7^--3g 



— 35y// — 2idm the Produdl of 5y+3OT multiplied 

by — yd, by Art. 17. 

— I5^y — 9^w the Produ<ft of 5 j^+ 3W multiplied 

bv — 7a^ by Art. 17. 

— 35yrf — 21dm — iS^y — gam the Produ<5V re- 
quired, being the Sum of the two particular Product, which are 
added by Art. 6. 

Multiply 2^ + 3* 
By — 2a — jb 

— j^aa-^bat the Produft of 2d:-|-34 multiplied 

by — 2tf, by Art.. 17. 

— 6^7^ — gbb the Produd of 2tf + 3^ multiplied 

by — 3^, by Art. 17. 

-— 4ai7 — I2ab — gbk the Produft required: For 
in this Addition the Reader may obferve that there is — 6a b 
in each of the two particular Products, which being added toge« 
ther by Art. i, make — ,i2ab, but '—4^/1 and —9^* being 
jdifFerent Quantities, they muft be placed feparate from one 
another. There are Examples of this Kind at Art. 15. 

19. It may be for the Learner's Advantage to be put in Mind, 
that if any Algebraic Quantities are to be multiplied by a pur^ 
Number, that then this Number is to be multiplied into every 
one of the Co-efficients of the other Quantities, in all Refpefts as 
before, and to each particular Produ£l fet or join that Quantity 
wjbofe Co-efficia)t was multiplied. Thus, 

Exam* 



I 
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E^am. I, 

Multiply 2tf+3* 
By .6 



Exam. 2. 


Exam. 3, 


— 3w— 4i 

7 


9 



ProduiSl I2a+i8^ — 21W — 2b^ 36^ + 27^ 

Exam^ I, Multiplying 6 hy 2 the Produ<5l is 12, to which 
joining a it is 12 <7, then multiplying 3 by 6 it is j8, to which 
joining b it is 18^, andbecaufe 6 arid 3^ have both the Sign -f, 
therefore by Art. 9. prefix the Sign -f- to 18^, fo is 12^ + z8i 
the Produft required. 

Exam, 2. Multiplying 3 by 7 it is 21, to which joining m it 
is 2im^ but as the Sign ot 3 ;» is — , and that of 7 is r|*, there- 
fore by Art. i6» prefix^ the Sign — to iim^ and it is — 21 m^ 
Again, multiplying 4 by 7 it is 28, to which joining d it js 
28^, but as the Signs of 4^ and 7 arelilcewife unlike, there- 
fore to 28 </ prefix the Sign — , and r— 2j«» — 28^ is the 
Produft required, 

Exam..^. Multiplying 4 by 9 the Produd); is 36, to which 
joining d it is Tjbd^ and becaufe the Signs of 4^ and 9 are alike, 
therefore it will be 36^, or + 36 ^/ j «nd multiplying 9 by 
2y the Product will be 27^, to which muft be prefixt the Sign 
-f-, becaufe 3 ;> and 9 have the fame Sign, fo is 36^+27J? 
the Produ<ft required. 

Examples wherein all the three Cafes of Miiltipliqation sure 
promi(cuoufly ufed. 

Multiply 2»— . ji . ? 

By 5m + 2y 

loma — i^mb 
4 ay — byb 



VroduA lomd—^i^mb-^-^ay — 6yb 

The 2a being multiplied by 5 »i the Produ<9: is xo m tf, by 
Art, 13. and — 3^ being multiplied by the fame 5.^, the 
Prpdudl is — 15 ^ ^5 by Art. 16 and 17. 

And 2tf, being multiplied hy 2y the Produfl: is 4^^, by 
Art. 13. and -*-3 i multiplied by 2y the Product is — 6ybp 
by Art, 16 and 17. 

~ Now draw the Line and begin to add them, aund becaufe the 
C^antities are all different, they are added by Art. 6. and there- 
fore the Produ<5t mU be loma — 15 mi -t- /^ay *^6yb. 

Multiply 
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Multiply -— 7 « + 2 ^ 
By ^3 J^ — 4 « 

-7-21 m y-^- bay 
2Smn — S n a 

Product: — 2i my + bay -{- 2imn — Sna 

The — 7 ;w multiplied hy ^y the Produft is —21 my^ by 
Art. i6 and 17* anci 2 a multiplied by ^y ^^^ Product is b^y^ 
by Art. 13, 

And — ym multiplied into — 412 the ProduA is 28 w», by 
Art. 13. .ai)d. — 4« multiplied by 2 a the Produdk is -*• 8 « £T, 
by Art. 16 and 17. 

Now begin the Addition, and becaufe the Quantities are 
all different, they are added' by Art. 6. and the Produ<ft is 
'^2imy + bay + 2Smn — Sna.f 

Multiply za ^ 2^ 
By 2g — 3^ 

4.aa -{-ba b 
— b,a b-^(jb b 

Produft ^aa — gbb 

Multiplying 2 a hy 2 a the Produfl is ^aa^ and multiplying 
3 i by 2 J the Produd is bab. 

And multiplying 2 a by •— ' 3 ^ the Prcthift is — 6 tf ^, 
becaufe the Signs of the two Quantities are unlike, and for the 
fame Reafon the Produ<5t of 3* by -^ 3^ is *— gii. 

Now begin the Addition, and I obferve in the iirft Line there 
is + 6 <7 i or ba b^ but in the fecond Line there is — b a b^ 
now l^ecaufe the Co-efHcients are equal, the Quantities alike, 
but the Signs being contrary, therefore by Art. 5. thcfe Qnanti- 
ties will deftroy one another, then putting down the ^a a and 
— 9^^, by Art. 6. we have /^.aa — gbb^ theProduft required. 

Multiply 7 w + 4 a 

— 3^+ 5 . 



"^.21 ma — J2 aa the Produ<& of 7 /w + 4a multi* 

plied by — 3 J, 
- ;' 35zw+20tf the Produfl of 7»i + 4tf multi* 
. : • . plied by 5, by Art > 19. 

Produfi •'hh 21 ma — i2«i? + 35/«+ 20« 

Multiply 



DIVISION. 3, 

Multiply 5a + b 
By 2a + rfi 

ioaa-+ 2ab the Produdt of 5 /7 + ^ multiplied by 2 a. 
i ^ab-^-^bb the Prod udt of 51? + ^ multiplied by 3^, 
Produ^ 10^^4-17^^ + 3^^. 
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In which there are four Cafes. 

20. Cafi I* \^r HEN the Signs of the Quantities to be di- 
V V vided are either both affirmative, or both ne- 
gative, rcjeft all thofe Q»janiities in the Dividend and Divifor 
that are alike, and fet down the Remainder, prefixing to it the 
Sign -j-j which will be the Quotient required. 

Exam. I. Exam. 2, Exam. 3, Exam, 4. 

Divide a b dm -^ m n — a p 

By a d — m "^ P 

^MnaiaM^ ,^^^__^ JIB«««^.— ■•«» M^a«>«iiMMBaan« 

Quotient b m n a 

Exam. I. Becaufe a is in the Dividend and Divifor, rejeft 
it, and b being only left, it is the Qiiotient fought, and is to 
have the Sign +, becaufe the Signs of ^7 ^ and a are alike. 

Exam. 2. Becaufe d is in the Dividend and Divifor, rejcSk 
It, and there being only m left,, it is the Quotient fought, 
"which muft have the Sign J^y becaufe the Signs of d m and d 
are alike. 

Exam. 3. Becaufe m is in the Dividend and Divifor, reject 
It, and « being only left, I write it down for the Quotient 
fought, which mull have the Sign +, becaufe m n and m have 
the fame Sign, 

Exam. 4. Becaufe p is in the Dividend and Divifor, I reje£l 
it, and place down tf, the Quantity left, for the Quotient 
fought, which muft have the Sign +, for the Signs of ap and 
f are alike. 

fxam. 
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Exam. 5. Exam. 6. Exam. 7. Exam. 8. . 

Divide amd "^ ^ P J mda '^—myz 

By am — py ma — z 

Quotient d a d y m 

Exam. 5. Becaufe am is in the Dividend and Divifor, rejeft 
it, and place down d for the Quotient^ which muft have the 
affirmative Sign, for the Signs of amd sLtid am are alike. 

Exam. 6. Becaufe ^^ is in the Dividend and Divifor, I 
rejeft it, and place down a^ the remaining Quantity, for the 
Quotient, which muft have the affirmative Sign, for the Signs 
of apy and py are alike. 

Exam. J. Becaufe ma is in the Dividend and Divifor, I 
rejeft it, and place down d for the Quotient, which muft have 
the Sign 4-9 becaufe the Signs of mda and ma are alike. 

Exam. 8. Becaufe z is in the Dividend ahd Divifor, I 
rtje& it, and place down j^ m^ or my^ which is the fame thing, 
for the Quotient fought, and muft have the Sign -^-, becaufe 
the Signs of my z and z are alike. 



Divide a p z 
By a z 


^^m n d 
— m d 

n 


— a b c 

— c 


a h dy 
ay 


Quotient p 


ab 


bd 



The Truth of thefe Operations in Divifion may be proved 
like thofe in Arithmetic, for the Q^iotient and Divifor being 
multiplied, the ProduA will be the Dividend if the Work is 
true ; thus in the fccond Example of the laft four, by multiplying 
« the Quotient into — md the Divifor, the Produft is mdn^ 
or mnd^ to which muft be prefixt the Sign — , by Art* 16. be- 
caufe the Signs of md 2iX\d n are unlike, hence the Frodudt with 
its Sign is — mnd^ the given Dividend. 

And in the laft Example, if we multiply bd the Quotient by 
ay the Divifor, the Produdl is bday^ or abdy^ which is the 
fame thing, by Art. 11. and this Quantity muft have the affir- 
mative Sign, by Art. ^. for the Signs of b d and ay are alike, 
hence -f- obdy^ or abdy^ is the Produdl with its Sign^ the fame 
as the given Dividend : And fo of any other Example. 

21. But if all the Quantities in theDivifor are not to be found 
in the Dividend, then you muft only rejedt thofe Quantities in 

the 
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the Dividend and Dtvifor that are alike, placing down the re« 
maining Quantities of th^ Dividend, and under thcfm thofe of 
the Divifor that are not to he rej^oft^ hy .this !RuIe; this 
will be the Qtiotient fought^ and ilftnd like a* Vulgar Ffa^ion in 
comnian Arithmetic* 

Exam* u Exam* 2* Exam, 3* , Exam 4^ 

Divide ami '^mrid'% *^ d ay fy ' pnqr 

By fly — mna — dp% . p\a^ . 

Q^> ^ m h d % ay n qr <■. 

uotient - V _ t 



«i*"*i"™^«< 



y ^ . » ad 

* • - • I * 

Exam, t, Becaufe a is in the Dividend and Divifor, rejeft 
Uy and place down m^ the remaining' Part '^ of -the Divf<J?nd, 
under which drawing a Line, and place y the remaining Part, of 

the Divi'for, fo will ^LL be the Quotient fought^ which 

muft have the Sigh 4-9 hy Art« 20* as the S^ns of the Quanlt* 
ties to be divided are alike. 

Exam, 2, Becaufe mn is in the Dividend and Divifor, rc» 
je£l ity and place down d% the remaining Part of the. pividend, 
under which drawing a Line, ami place a theremainihg Part of 

dx ' ' ' 

the Divifor, fo is the Quotient required, and it ihuft have 

a . ■ • 

{the Sign 4-9 by Art. ao* as the Signs of the Quantities to be 
divided are alike. 

Exam. 3» Becaufe dp^ is in both Dividend ^nd Divifor, re* 
je^ it,, and write down ay the remainitig Part of the Dividenct, 
under which place z the remaining^E^-of the Divifpr, as in the 

two former EKamples, fo is ^, or + -fii , the Quotient re^ 

quired, for the Signs of the two Quantities to be cffvtded aie 
alike. 

Exam* 4^ Be^tufe p b Jn botii Dividend and Divifor, re^ 
jeft it, and write down nqr the remaining Part of the Dividend, 
under which place ad the remaining Pinr't ofthe Oivifor, and 

■ ■ is the Quotient required, which will be affirmative bf 

a 4^ - - - 

Art. 20. becaufe the Signs of/ nqr ^nd pad are alike* 

F ■ DivMt 
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Divide. ':—a^f» adz mnd ^^yzdb 

By , "— a n m a p . ma — yz# 

Q^' ^ P Q • d z n d d b 

* m p a a 



Theft OpeFations arc, proved a» at Arf. 20. by multiplying 
the Quotient by theDivifor s for in the lafi Example thcQuotient 

d h ' 

U — , which is a Fraftion : the Divifor is -^y za^ which by the 
a " ' 

Rule of-Vulgar FraAions in common Arithmetic is made this im* 

proper Fraction — ^!^, then the two Fractions to be multiplied 

.1 

are .—, and— ^1^9 multiplying the Numerators we havie 
a . , 1 

dbyza for the new Numerator, and multiplying the Denominators 

'ive have a for the Denominator, hence the rrodu£i is this Fradion 

.\ M ^ ^ ^ but as -L.^ has the negative Sign, and — has 
a I a 

^tl^e affirmative Sign, therefore by Art. i6# prefix the Sign --- to 

ihlLznd it is — ^tni, the Produft with its true Sign: 
' a a 

jDxxt in ;his Fradion as ^-^ dbyza is to be divided by a^ rejedl- 
Ing a both in Dividend and Divifor by Art. 20. we have — dbyz 
-^r^ — yzdjby the fame with the Dividend in the given Example; 
in like Manner may any of the other be proved. 
.- 22.' And if there are two or more Quantities connected by 
the Sign$ + or — to be divided by any fingle Quantities, every 
Quantity in the Dividend muft be divided by the Divifor, fettifig 
down the particular Quotients, as at Art. 20. which muft be 
"cbnneftcd by the Sign 4-> when the Signs of the Quantities to 
jiN(4ivided are both alike. 

Exam, I. Exam. a. Exam. 3. 

,Divide ab^am md-^mz '^da^^dpq 

By a m — i 



Quotient b -{- m d + z ^-^ P 9 

m 

Exam. I. Dividing tfi by a the Quotient is i, by Art. 20. 
^d 4!>vidin^ tf m by a the QifoUent is m^ by the tunc Art. but 

ai 
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ms tim and a have both the affirmative Sign, therefore txx m pre- 
fix the Sign r^-, fo is ^ -j- nt the Quotient required. 

Exam* 2. md beuig divided by m the Quotient is </, by Art« 
2o. and dividing mz by m the Quotient is z, to wl\ich prefix* 
ing the Sign -f-, zs mz and m have both the fame Sign, we have 
d-^-Z for the QjJOtient required. 

Exam. 3. da being divided by d the.Q^iptient is a^ and be« 
caufe da and ^ have both the negative Sign, or the Signs are 
alike, therefore a muft have the Sign -f-> whence it is '■\'aora^ 
and dividing "^dpf by — ^ the Quotient is pfj to which 
muft be prefixed the Sign J^j for the Signs of dp q and d are 
alike, hence we have a-^^pq for the Quotient required. 

Exam* 4* Exam. 5. Exam. 6« 

Divide '•^ab'^am bm-^-bn '^^^yp — ^J'^ 

By — g b — 2jr 



Quotient * -f- /» m + « ^ -+ « 

Exam. 4,. Dividing — ^z * by — tf the Quotient is i, by 
Art. 20. and it muft be 4-^ or ^, as the Signs gf ab and /; are 
alike: then dividing — ^m by — ^ the Quotient is 771, by Art. 
2o« becauie the Signs o^ am and n are alike, then connedin^ 
^ and fn with the Sign -f-, and b-^-m is the Quotient required. 

Exam. 5. Dividing ^;w by A the Quotient is w, by Art, 20. 
as before, and dividing bn by b the Quotiont is n^ and zsbn 
and ^ have the fame Sign, therefore prefix the Sign --|« to n^ f# 
is /» + « the Quotient required. '4 

Exam. 6. Dividing ^-zyp by — zy the Quotient is ^, by 
Art. 20. and dividing -^zya by — zy the Quotient is a, to 
which prefixing the Sign +9 for the Signs of zy a and zy are 
alike, we have p-^-a the Quotient required. 

Divide '^dnz — zad ' am + ad *^dy — dz 

By — zd a — ^ 



Q^iotient n-^-a mA-d >' + 2 

• 

The Truth of thefe Operations are proved by multiplying the 
Quotient by the Divifor, if that Produft agrees with the Divi- 
dend in its Q^ianttties and Signs the Work is true, otberwife 
not. Now in the laft Example the Quotient y-4-z, and the 
Divifor — ^/, being multiplied together by Art. 14, they 
produce '^dy-^dZy the given Dividend. 

F 2 2;^, Cafe 



3$ 
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Itj. Caff 7. When the Signs of the Quantities to be divided 
•re one affirmative and the other negative j find the Quotient of 
the Qj^iantities as before \ but to them prefix the negative Sign, 
or Sign — . 

Exam, !• Exam, a* Exam. 3< Exam, 4. 

Divide -"^am ^^mnp ayz dmb 

By a m -^ay ^-db 

■ ' ■ '*- • ' ■« >ii ■ 111 ■■ '■ 111— *■ " ' ' " * 

Quotient — « — »^ —-5; — m 

Exam, I. Becaufe a is in both Dividend and Divifor, re« 
jeA it, and place down ;n the remaining Part of the Dividend, 
but as the Sighs of a jiz and a are different, therefore to m prefix 
the Sign — , and it will be — m, the Quotient required. « 

Exam, %, Becaufe m is in the Dividend and Divifor, 
reje<5t it, and place down np the remaining Part of the 
Dividend, but as the Signs of mnp ^nd m are different, there* 
fore to np prefix the Sign -^, and it will be •*—»/, the Quotient 
required. 

Exam, 3. l^caufe 17 j^ is in the Dividend and Divifor, 
rejedl it, and place down % the remaining Part of the 
Dividend, but as the Signs oi a y % and ay are* different, 
prefix the Sign — to z, and it will be •—- z, the Quotient 
required. 

Exam, 4« Becaufe dh \& in the Dividend and Divifor, 
reje(5t it, and place down m the remaining Part of the Divi* 
dendi but the Signs of the Quantities that are divided being 
different, torn prefix the Sign—*, and it will be*«^m, the 
Quotient required.. 

Divide "^mnp '^mnp -^ y p dab 

By . m mn ^"^d y -^ d b 

Quotient *^np — ^ — p — « 

24. And if there arc two or more Quantities conneAed by 
the Signs ^ox ^y to be divided by any fingle Quantity, the 
Operation is the fame as at Art. 12. only taking due Care that 
when the Signs of the Quantities to be divided are different, 
to prefix the Sign — before thofe Quotients. 

Exam. 
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Exam. i« Exam^ 2. Exam. 3. 

Divide '-^mn-^mi ad^at "^dnz-^-^dzy 

By m r-a dz 



Quotient — « — d ^-d — b •— « — y 

Exam. I. Dividing *~^mn hy m the Quotient is », by 
Art. 20. but as the Signs of mn and m are different, therefore 
hy Art. 23. I prefix the Sign — to isr, and it is — «♦ And 
dividing — md by m^ the Quotient is d ; but as the Signs of 
md and m are different, therefore by Art. 23. prefix the Sign — • 
to dy hence — n — d is the Quotient required. 

Exam. i. Dividing 1?^ by — ^ the Quotient is d^ to which 
prefix the Sign — , by Art. 23. which makes it — d: 
then dividing abby — a^ the Quotient is b ; but as the Signs 
of ab and a are difl[erent, therefore by Art. 23. prefix the Sign 
— to b^ and "^d-'^b is the Quotient required. 

Exam. 3. Dividing — dnz by dz the Quotient is — «, by 
Art. 20 and 23. and for the fame Reafon dividing — dzy by 
dZj the Quotient is — j', which placing after -— », we have 
— » — jr, the Quotient required. 

Divide maz-^-mzd '■^dab — dby — azx-^azb 

By — mz db az 

- I — I n ■ m m III ■ . I ■■ ■■■ I ■ 

Quotient — a — d — « — y — x-^b 

The Truth of thefe Operations are likewife proved from 
snulfiplying the Quotient by the Divifor, and if it agrees with 
the Dividend in its Quantities and Signs, the Work is true, 
otherwife not. 

^25. Cafe 3. But when there are Co-efficients joined to the 
Quantities, divide the Co-efficients as in common Arithmetic ; 
and to their <^iotients join the Quotient of the Quantities found 
by the foregoing Directions ; but cautioufly remember, that if 
the Signs 6f the Quantities that are divided are alike, the Quo-r 
tient muft have the affirmative Sign, as at Art. 20. but if the 
Signs of the Quantities that are divided are unlike, then tho^ 
Quotient muft have the Sign — prcfixt to it, by Art. 23. 

Exam. t. Exam. 2. Exam, 3. Exam. 4, 

Divide ibam ^yz '^a^.dm — iSwtf 

^y ^^ 2^ —6^ 6a 

Quotient ^m ^.y /^m 3»f 

Exam. 
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Exam. I. Dividing i6 by 2 the Quotient is 8, and am di- 
vided by ^7 the Quotient is w, joining 8 to the m it is 8/w, and 
as lb am and 2<2 have the fame Sign, hence by Art. 20* the 
Sign 4- muft be prefixt to 8 m, therefore the Quotient is 
^ 8 /« or 8w. 

Exam, 2. Dividing 8 by 2 the Quotient is 4, and dividing 
y%hyz the Quotient is y^ joining the 4 to the j? it is 4^ j 
but as 8^ 2 and 2z have the fame Sign, therefore by Art. 20. 
prefix the Sfgn^- to 4/, hence 4~ 4> os ^y is the Quotient 
required. 

Exam. 3. Dividing 24 by 6 the Quotient is 4, and dividing 
dm by ^ the Quotient is m, joining 4 to the m it is 4m ; but 
as 2J\.dm and bd hav($ the fame Sign, prefix the Sign -f- to 4 m^ 
hence -f- 4^^ or 4m is the Quotient required. 

Exam. 4* Dividing 18 by 6 the Qi^iotient is 3, and dividing 
mahy a the Quotient is m, joining 3 to the m it is* 3 m^ and 
as i8/» J and ba have the fame Sign, therefore by Art. 20« 
the Quotient is + 3 /w or 3 m. 

m 

Exam. 5. j£jr^jjw. 6. Exam. 7. iF^r/rw. 8. 

Divide — I5fljf ^-8iw 28^^% —12^^ 

By 3^ —4^ —ly 3^ 

Quotient — 57 2/w — 42 — 4^ 

Exam. 5. Dividing 15 by 3 the Quotient is 5, and dividing 
ay by a the Quotient is )r, joining 5 to the y it is 5^, but a3 
the Signs of 15 ay and 3 j are different, therefore by Art. 23. 
prefix the Sign — '05^, and — 5 j' is the Quotient re* 
quired. 

Exam, 6. Dividing 8 by 4 the Q^iotient is 2^ and dividing 
dm by d the Qi^iotient is m^ joining the 2 and m it i^ 2/n; but 
2s S dm and 4^ have the fame Sign, prefix the Sign -f- to 2/», 
by Art. 20. and -{* 2 /» or 1 ;;2 is the Quotient required. 

Exam. 7. Dividing 28 by 7 the Quotient is 4, and dividing 
yzhyy the Quotient is z, joining the 4 and 2; it is 42 ; but as 
2Syz and yy have difl^jrent Signs, therefore by Art. 23. prefix 
the Sign — to 42, fo will —42 be the Qiiotient. required. 

Exam, 8. Dividing i2 by 3 the Quotient is 4, and dividing 
da hy a the Quotient is d^ joining the 4 and d it is 4// ; but as 
the Signs of 12 da and 3^ are different, therefore by Art. 23. 
prefix the- Sign — ^ to 4^, and tlien —4^ is the Quotient 
required. 

Divide 
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Divide — 3;2<J»i lidza — 2iymn i6az 

By — Sm ()a iiyn — 8z 

Quotient 4^ 2dt — 2»i — 2^ 

26. And if there are two or more Quantities connected toge- 
ther with Co-efficients, to be divided byany fingle Quantity and 
its Co-efficient, the Operation b ftill performed in thie fame 
Manner^ conneding the particular Quotients as at Art. 22, and 
24. ftill carefully remembering that when the Quantities that 
are divided have like Signs, whether cffirmative or nega^ 
the^ the Quotient muft have the affirmative Sign ; but if thfe 
Signs of the Quantities that are divided are unlike, then the 
.Quotient muft have the Sign — prefixt tq it. 

Exam. I. Exam. 2. Exam, 3. 

Divide J^am-^iiad — ibmyj^i^.mz 7,%dn — iidh 
By 2g — 4m 7^ 

Quotient %m^(>d 4y — 62 4« — 3^ 

Exam. I. Dividing 4 ^ m by 2 ^ the Quotient is 2 m, by 
Art. 25* and dividing 12 ad by 2 a the Quotient is 6i/, and 
becaufe the Signs of 2 and i2a d are alike, prefix the Sign ^ 
to 6rf, and we have 2w-}-6rf, the Quotient required. 

Exam. 2. Dividing — ibmy by — 4^ the Quotient is 4y, 
by Art. 25. for the Signs of 16 my and 4m are alike, and 
dividing 24m z by — ^m the Quotient is — 6 z, for 6z muft 
have the negative Sign prefixt to it, the Signs of 24. mz and 
4111 being unlike ; hence 4y— 6z is the Quotient required. 

Exam, 3. Dividing 2S dn by j d the Quotient is 4«, or 
-(^ 4», for the Signs of 28 ^;f and 7 d are alike : and dividing 
— 21 i A by 7 ^ the Quotient is — 3 ^, for 3 i muft h^ve the 
negative Sign prefixt to it, as the Signs of 21 a b and 7 d are un« 
like, hence 4» — 3^ is the Quotient required. 

Divide t6pa — 2ipd — 24.nm'^2f^mz ibtcu — ^zd 
By — 4j» «^ 4 ;/2 _^ 2Z 

(Quotient — 4fl-f- 7 rf ' 6« — 92 Su — 2d 

The Truth of thcfe Operations are proved likewife from multi- 
plying the Quotient by the Divifor, for if the Work is true, 
the Produ£l will agree with the Dividend in its Quantities and 
Sigtis : In the laft Jf xample the Plvifor is 2Z, god the Quotient 
is 8x^-^2^, now if we 
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. Multiply % u — 2d 
By 2% 



i6 2; 2/ -^ 4 2; ^ the ProduA is the fame as 
the given Dividend, and fo may the other Examples be proved. 

27. Cafe 4. But ^hen the Quantities in the Dividend are not 
the fame with thofe in.the Divifor, then place down the Dividend 
iwith its Signs and Co-ei)Sicient$, under which drawing a Line, 
and after the Manner of Vulgar Fradions place the Divifor with 
the fame Signs and Co-efEcients it had, and this will be the 
X^otient required. 

Exam. I. Exam. 2* Exam. j. Exam. 4« 

Divide b am Z^V 2dy 

By a d . z , i , 

uotient -- ^— . -2^— i z — i 

a d z b 

Exam. I. Becaufe b and a are different Quantities, place 
down the Dividend b^ under which draw a Line, and place the 

Divifor a J fo is — the Quotient required, 

a 

Exam. 2. Becaufe a m and d are different Quantities,, place 
down am the Dividend, draw a' Line under it, and place the 

Diviibr d, fo is «— « the Quotient required. 

'd 

Exam. 3. Becaufe 3 my and z are different Quantities, place 
down ^my the Dividend, under it draw a Line, and place z the 

Divifor, fo is 2-^ the Quotient required. 

Exam. 4, Becaufe 2 dy and b are different Quantities, plaee 
down 2 ^/jr the Dividend, draw a Line under it, and place b the 

Divifor, and ? — i? is the Quotient required. 



Divide 
By 


2m a 

jy 

2 m a 

37 


4 d z 
2y 


21 ma 
Sd 

21 m a 


^yd 
32 


Quotient 


J\.d Z 

2y 


8yd 

3Z 

Dividt 



Divide 
By 


m a 
m a 


y I V 1 j> J 

• »• 

Id 

mz 


L U IN. 

yd 


41 

Tyz 


Qjioticnt 


mz' 


$mbc 

yd 


24 d 



28. When two or more Quaotities conneded by the Signs 
4- or —; are to be divided by any (ingle Quantity, and the 
Quantities in the Dividend are different from thpfe in the 
Diviibr, then having fet down all the Quantities in the Di- 
vidend with their Signs and Co-efficients, draw 4 Line under 
them ill, under ..which place the Divifor as btfor^, and this 
will be the Quotient required. 

Exdm, 1. Exam.. 2. Eifam, 3. 

Divide 2 a -{- 2 ^ 1 y — "^^ '5^ — ^ da 

?7 .5^ . ^ 3« ^y 

Quotient 



iy — 

3« 


2 m 


ly — 


.2 m 



2 ^7 4" 3 ^ 7 7 — .2 m 15 z — '] d a 



S^ • 3» 4> 

Exam, I. Becaufe 24r4-3i the Dividiend and ^m the Divifor 
aredifferent, therefore place down 2^74*3^9 under which draw 

2/7 ^"' ^b ■ • 

a Line, and pUce the Divifor 5/71, fo is — ' ^ the Quotient 

required^ 

Exam. 2, 'Becaufe 7;^ — 2 w the Dividend and 311 the Divi- 
for are different, therefore place down 77— -2i», under which 

draw a Line, and place the Divifor 3 », fo is ' ^ .^-2 the 

3« 

Quotient required. 

Exam, 3. Becaufe 15 z — y da the Dividend and 4y the 
Divifor are different, therefore place down 152: — jda the Di- 
vidend, under which draw a Line, and place 4;r the.Diviibr, 



^y 


'l&VA«b AVUMIAWW* 




Divide ^.ma — ^d 
By 52 

Quotient i'!'" ^^ 


•jdb — 5*2 

sy ■ 
sy 


ly 
ly 


\. 


G 


Divide 
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Divide 3^2—- 5* ^ Tym — '^dn ^5dp'\'Sy^ — 17^ 

By 2y ju _7f 

Quotient 3^^ — S^ Tym—^dn 25^/j> + 5>!Z— 171a 

2y s u y a 

2q. If there are two or more Quantities connefied by 
the Signs. -f- or —, to; be divided by two or more Quantities 
connedled by the Signs +or — , but the Quantities in the Di- 
vidend are different from thofe in the Divifor, it is only placing 
down the Dividend as before, under which drawing a Line, and 
place in like Manner the DivUbr, and this will be the Quotient 
required. 

Exam. I, Exam. 2. Exam. 3, 

Divide 2^-f-/w Sy^J^ — i4OT-f-Sz— II'*' 

By S^+3 y . 3^ + 2^ 3y--2^/ 

uotient — -L — ?-^ L_ _-I. — ' .-^ . . 

S^+3y 3a-i'2m . 3y—2d 

Exam. I. Becaufe the Quantities in the Dividend and Divifor 
are unlike, tlierefore place down 2 a -^m the Dividend with its 
Co-eiHcients and Signs, under which draw a Line, and place 

5</4-3y the Divifor, fo is ^^' ^ the Quotient required, 

s^+sy 

Exam.^. Becaufe 5y — jd the Dividend is different from 
3 tf -(- 2 OT the Divifor, therefore place down 5y — j d the Di- 
vidend, under which draw a Line, and place 3^ + 2/12 the Di- 

Vifor, fo is LLHiZ — the Qiiotient required. 
3^2 + 2 ;7i 

Exam. 3, Becaufe ^i^m"\- ^z — •. 11 j? the Dividend Is 
different irom jy — 2rf the Divifor, therefore place down 
— 14)71 -f- 5 z-r- II ^ the Dividend, draw a Line under it, 

and place 3y— -2^ the Divifor, and ZI-^ TlA 



is the Quotient required. 



3;^ — 2rf 



Divide. 4/72 — 5y '-^21 pm-l-ic^zy I4yz — gdx 

By 3.Y-4-2g c,d—2b " ^ 3 ^ + 5 >» 

4W— 5y — -2 i/>»^+i9zy I4yg— grfaf 

JITjTTi ^d^2l — 3W+5if 

Divide 



Quotient 
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Divide —4^ + 5^—3^ 4^+3>'— 5^ 2^7 + 3;^ 
By 7 z — Sy — 7 d-}- ii m — ^z — jft 

Quotient —4^ + 5^—3^ ~4^ + 3)^^ ^^ + 3:^ 
7z-i-8;f. — jd-^-iim — 5« — 7« 

30. It may be juftobfcrved, for the Eafe of the Learner, that 
when any Quantity is divided by itfelf, or the Dividend and 
Divitbr are alijce, that then the Quotient will be Unify^ or i. 
And if the Signs of the Quantities to be divided are alike, the 
Quotient miift. have the Sign -j-, but if the Signs of the Quan- 
tities to be jdivided are unlike, then to the Qt^iocien;^^ or i, pre- 
fix the Sjgn—. 



Divide 


2a h 


14 m n 


— Sdz 


+ 7y 


By 


2 ah 


l\mn 


— 5 ^z 


— yy 


Quotient 


I 


I 


I 


— I 



For by Art. 25. if wc divide the Co-efEcients, the Quotient 
will be Unity, or i ; then, by Art. 20. rejefting alt thofe 
Quantities that are alike, both in the Dividend and Divifor, 
the Quantities afl vanifh, and there will be rione to be jpined to 
tbt Unity^ or i ; whence, in fuch Cafes as thefe. Unify y or i, 
is the Quotient required. 

31. It may be further obferved, that if an abfolute or pure 
Number is the Divifor, the Co-efficients in the Dividend if 
there are more thaii one, muft be divided by the Divifor, and. 
to each of thefe Quotients join the refpeSive Quantities of the 
Dividend, a3 at Art. 26. 

Divide 2d^ma^-i%yz ibza'\'2^ym 4-i4>'^-l-35^ 
By . 6' 8 —7 

^ma^-^yz 2za'j-^ym — 2><3/ — 53: 

But if the Divifor will not exaftly divide the Co-efficients of 
the Dividend, then place the Dividend and Divifor in the Man* 
ner of Vulgar FradJions, as in the foregoing Articles. 

The Method of dividing compound Quantities by one another, 
^here the Operation is continued as in conimpn Arithjnetic, 
being generally perplexing to Learners, will be explained in 
the Method of folving ^ladratic Equations, .this Divifion not 
being neceflary in the preient Deiigo before we cpme to that 
Part of the Work. 

G 2 INVOLUTION. 
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INVOLUTION. 



. I. ■ 1 4 



31. np ft I b lis only jaiiing of ifow?^ tM 'afty j^vch 

X Rppty and therej^re Is p^rforme(] b^^ 
For the ..Quantity which is givfen being niiiftiplfea by itfclf wiJf 
be the Square of that Quantity, that rrbd^ud 1!>iihg multiplied 
by the given Quantity, this ProduQ will be the~Cubc of thit 
Quantity, and that Produ£l multiplied again by the ^iv^ 
Quantity, will be the fourth Power of that (^antity i and Id 
on as in common Arithmetic. 



To find' the Cube of a To find tHe Ctxhc of i 



•■ •• /• • 



The Square of tf a a The Square of i b b 



The Cube oia a a a' ^ The Cube of ^. i b b 



To find the Cube of ■■ . < * , 2 y 



I ' ^ < 



Now %y multiplied by 2 y the) ..t r ^^r : 

Produ^ will be by Art. 13. }■ 4;-/ *« Squareof 27 



2> 



And ±yy multiplied by 2v, the?; o ^1-01.. f,.- 

PfodL,,a wiU be by Art. 13. \ Syjry the Cube of 2;r 

To find the Cube of — ^ •— 32 

Now 3 is multiplied by 3 «, the 7 ■. c * 

PrWfua will be by Art. 13. j 9 « » the Square of 3 « 

3« 



Andgzz multiplied by tz, the J j. >, , , 

Pfodua^wlll'bc by AttT xj. •} ^7 « z « the Cube of ^s 



To 
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To find the 4di Power of — zx 



— ix 



Now — zx multiplied ^ 

by — 2 x, the Produd C 4X * the Square of —a jt 

fi by Art« 9 and 93. 'b — zx 

And 44rjr moitipiied by^ 

— ZXy the Produdy — Sxjrjf the Cube of — 2* 
is by Art. 13 and 16.3 — 2jr 

And -^^-8x4Qr miiltipUed x 

by — aar^tfaehodudC ibxxxx the 4tb Power of — zx. 
IS by Art. 9 and 13. ^ 

In like Manner any other fingle Quantity may be raifed to 
tQy-it^oired Power, and if the given Quantity is compounded 
of more Letters than one^ it is done in the fame Manner. 

To find the 4th Power of zab . 

zab 



^aabb the Square of 2tf 3 
zab 

&aaabbA the Cube of 2mk 
zab 



ibaaaabbbb the4thPower of 2tf^« 

32. If there are two or more Quantities conneded by 
the Signs + or — , to be raifed to any given Power, it is ftill 
performed by common Multiplication. Two Quantifies when 
conneded by the Sign -|-, is commonly called a Biiw i a iaL 

To raife the Binomial^ 

or a^b to the third l^ower or Cube. 

aa-^-ab the Prod, of «+* multip. by <tf, by Art. 10. 
^ikb-\rbb the Prod, of g4^innltTp>-fay1^, by A it. 10. 

a-A-^^^b-^b the Sum of thefe two Produib, or 
, A^rb , the Square of tf«Ui*. 

n^aa-'^^zaat'^'abb the Produ£fc of ^ ^ -f- 2 /7 ^ -f" ^ ^ 

multiplied by a^ by Art. i o. 
• ^atbi^Zabb-^-bbb the ProduiSl of aa^^zab-^bb 
^^ multi plied by ^, by Art. 10. 

tf J tf-f-3tf ^^-["3^^^+*^^ t^® Sum of thefe two Pro- 

du^ts^ or the Cube of a -^b» 

When 
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When two Quantities are connefied by the Sign — , it is 
commonly called a ReJiduaL 

V 

To raife the -R£^i«tf/, 

or X — y to the third Power or Cube. 
• X — y 

xx'^xy the Produft of ;ir — y nuilttplled by x. 
— ^>-hy^ ^^^ Pro duQ of X — y multiplied by — >.. 
XX — %xy-\'yy ihc Sum of thcfe two Prbduds, or 

the Square of x-^y. . 

XXX — 2xxy+xyy the Produft of xx — 2»y+yy 

multiplied by x. 
^^xxy+zxyy^-yyy the Produft of xx — ^^y-^-yy 

multiplied by -^j^, 

*'•*'* — 3^^y'¥3^yy'^yyy the Sum of thefe two Pro- 

du£b, or the Cube of ;r — y. 

And if thefe compound Quantities have Co-efficients, the 
Work ftill proceeds as at Art. i8. 



To niCc At Binomial f 

or 2tf + 3* ^o ^^^ tj^ir^j Power. 
ag + 3^ 

/^aa-^^bab the Produft of 2/7+3*.n?"Wp^icd by 2tf. 
(>ab+K^bb the Prod uft of 2^+3 ^ multiplied by 3^. 

/^aa^iz&b-^^^bb the Sum of thefe two Produds, 

or the Sijuitc of .2tf + 3^. 

oa0a+2^aab-^^i^ab7 the Produfl: pf 40^+ 12 tf^ 

+ 9^^^^^'^ip^i^d by 2a. 
I^tfi7*+36tfii+27iii the Prod lift of 4,00+ ^^ab 
' ; • ■ ' • . . '+qih nfiultiplied by 3^. 

l8tf4i4'36fla^+54tf^*+27^^^ the Sum of thefe two 

Produfts, or the Cube ^f 2 a + 3 *• 



To 



»• 
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To raife 3iw + 2j^ to the third Power, 



gmm-j-i2my -[- ^.yy the Square of 3 »z ^- 2y 
3^ + 2;^ 



27 /» »/» + 36 /n wz j^ -{- 1 2 OT> ^ 

* i8/ww^-h24i»;^j>-4'^J^»^ ' 

2-/ mmm^\'^^mmy-i-'^6myy'\-^yyy the Cube of 

3w4-2> 

To raife a — 2 b to the third Power. 
a — 2b 
aa — 2ab 
—2^^4-4^^ 



aa^^-'i^ab-fr^bb the Square of tf — 2b 
a — 2b 



aaa-*-'/^aab'-\'/^abb 

— 2aab + Sabb—ibbb 



aaa'^6aab'\'i2abb — ibbb the Cube of u— 2^. 

In this Example I have placed the fame Quantities^ under 
each other, for the more commodious adding them, though this 
is not necefTary, and is a Knowledge the Learner will acquire 
from his own Obfcrvation. 



EVOLUTION. 

33. 'TT^ H I S is the ExtraSion of Roots, and therefore oppo- 
X fite to Involution, and as Equations in which the un- 
known Quantity rifes above the Square are generally adfefted, 
and refolved by the Method of Converging Series^ we fliall con- 
fidcr the Square Root only ; and give fuch Dircftions that the 
Learner may generally know, whether the Square Root of fuch 
Quantities as commonly occur in the Solution of Queftions x:an 
be extrafted or nor. 

Now fo many Times as any Letter is repeated, fo high is 
the Power of that Letter faid to be. Thus, ^ is ^i to the firfl 
Power : « a is n to the fecond Power or Square : and Maaah a 
to the fourth Power, ifV. as in Involution. 
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And to extra£t the Root of any fimple Quantity, confider bow 
many Times the Letter is repeated, or how high the Power 
of it is, and if it appears to be the fecond, third[, fourth, or 
any other Power, divide that Figure which exprefles the Heightb 
of the Po.wer by %^ and if it does not divide it exaSly it is a 
Surd Quantity, and has no Square Root i but if it divides it 
exadly, fet down the Quantity whofe Root you are extracting 
as many Times as the Quotient of the above Diviflon dire&, 
.and that williie the Square Root required. 

To extrafl: the Squafe Root of aa bbib bbbbbi 
The Square Root is a bi bbb 

• • 

Exam. I. Herctf is repeated twice, or to the . fecund Power ; 
now dividing 2 by 2 the Quotient is i, therefore letting down a 
once, or a^ it is the Square Root required. *. 

Exam. 2. Here b is repeated four times, qr fo the fourth 
Power, now dividing 4 by 2 the Quotient is 2, therefore letting 
dowa.^ twice, or bb^ it is the Square Root required. 

Exam, 3. Here^ is repeated fix times, or to the'fixth Power; 
now dividing 6 by 2 the Quotient is 3, therefore letting down b 
three times, or bbb, it is the Square Root required. • 
^ The Truth of thele Operations are proved by Multipli- 
catioA, for if the Work is right the Square Root being multi^ 
plied by itfelf will produce the Quantity from which the Root. 
was extracted. Thus in Example 2, 

The Square Root is bb 

Which being multiplied by itfeif bb- 

Tjie Product is the given Square bbbb 
And fo pf any other Example. 

Exam.j^, Ejcam. 5, 

To 6xtra£): the Square Root of aaaa ddddd d 

The Square Root is aa ,ddd 

Exam. 4. 'Here a is repeated four times, or to . the foi^rth 
'Power ; now dividing 4 by 2 the Quotient is a, which 4ho¥i(5 
*that>muft be repeatol twice, that is, ^^7 is the Square Rp^t 
.required. » , 

Exam^ 
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Exam, 5. Here d b repeated fix times, or to the fixth 
Power i now dividing 6 by 2 the Quotient is 3, which (hows 
that J muft be repeated three times, and confequently ddd 
is the Square Root required. 

And if the Quantity, whole Root is to be extraAed^ has dif* 
ferent Letters, then confider if the Number of Times each 
Letter is repeated can be divided by 7 without any Remainder, 
and if they can, fet down each Letter fo many Times as the 
Quotient of the refpeftive Divifion direds, and joining them 
this will be the Square Root required ; but if the Number 0^ 
Tithes ^ny one Letter is repeated cannot be divided by 2, then 
the whole Quantity has no Square Root. 

Exam, i^ Exam. 2. Exam, 3, 

To extra<£l the Square Root of aabbbb aaaadddd nimp p 
The Square Root is abb a add tnp 

Exam. I. Here a is repeated twice, and 2 being divided by % 
the Quotient is i, which fhows a muft be taken only once, or 
tf. Now h is repeated fo«r times, or to the fourth rower, and 
4 befnrg divided by 2 the Quotient is 2, which thow^ b muft be 
tepeated twice, or ^^, now joinings to bb^ and abb is 'the 
Square Root required. 

Exam. 2. Herei? is repeated to the fourth Power, and dividing 
4 by 2 the Quotient is %^ which {hows that a muft be repealed 
twice, that is, it muft be tf<7 : Again, ^f is repeated to the fourth 
Power, and dividing 4 by 2 the Quotient is 2, which fhows 
d mutt be repeated to the fecond Power, or d d. Now joining 
a a to ddy we have aaddhx the Square Root required. 

By the 6me Method of reafoning we ihall find in Exiample 3, 
that the Square Root of m mpp is mp. 

Bat when it is found th^t the given Quantity has not fiich a 
Root as is required, then the Square Root of it is exprefi^ bjr 
prefixing this Sign V ^^^^ i^- 

Exam, I. Exam, 2. Exam, 3* 

Rcqtrired the Square Root of a bbb ddddd 

The Sqnase Root is ^a sjbbh ^ ddddd 

E^tam. t. Bedatrferf is onlv repeated once, and as we cannojt 
dhrfde tbjtd and have the Quotient a whole Number, therefore 
I conclude is a Surd Quantity, and a£Cordin^y, to exprefs thje:- 
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Square Root of ^, I prefix the Sign ^ to it, fo is ^ 4 -the 
Square Root required. 

Exam, 2. Here b is repeated three times, and becaufe 3 cannot 
be divided exaftly by 2, and have no Remainder, therefore I 
conclude bbb is a 5«r^ Quantity, and to exprefs the Square 
Root of it, I prefix the Sign ^ to it, fo is ^ bbb the Square 
Root required. 

Exam. 3. Here d being repeated five times, and as we cannot 
divide 5 by 2, and have no Remainder, therefore I conclude that 
ddddd is a Surd Quantity, and to exprefs the Square Root of 
it, I prefix the Sign ^ to it, fo is ^J ddddd the Square Root 
required. 

34. But to extrafl: the Square Root of compound Quantities, 
or thofe connected by the Signs + or — , obferve, 

Firft^ There muft be three Quantities to make it a Square, 
for a -^ b multiplied by itfelf, or fquared, the Produ£): is 
aa';\'2ab'^bby by Art. 32. whence if there is only two 
Quantities it is a Surd. I take no Notice of any greater 
Number of Quantities than three, which may compofe a 
Square, as they feldom occur in any Operation. 

Secondly^ Whether ihefe three Q^iantities have two dif- 
ferent Letters only ; there may be Cafes in which there are 
more than two diflFerent Letters in thefe three Quantities, but 
as they feldom happen, I choofe not to perplex the Learner 
with them. 

Thirdly^ If two of thefe three Quantities are pure Power* 
of thofe two Letters ^ that is, in the Square oi a-\-b there is 
vii grid bby pure Powers of the Quantities a and b, 

fourthly y Whether both thefe pure Powers of the two dif- 
ferent Letters have the Sign + before them. 

Fifthly y If the third of the above three Quantities is twice 

^•tWProduft of the Square Root of the two puie Powers of the 

' *iwo diflFerent Letters, that is, the Square of « -}- ^ being 

a a-^7.ab'\-bby the Quantity 2a b h twice the Produft of 

the Square Root oi a a ^nd bb\ and this Quantity may have 

cither the Sign -f- or — . 

Now if the given Quantity, whofe Root is to be extrafted, 
anfwers thefe Particulars, its Square Root may beextradled thus. 

Sixthly^ Extraft the Square Root of the two pure Powers of 
th? two different Letters, according to the Dire£lion at Art. 33. 

Seventhly^ If the Quantity mentioned at ih^ fifth Particular 
Jias the negative Sigu, connect the two Roots mentioned in the 
laft Particular with the Sign — , and it will be the Square Root 
r^uired. 

Eighthly^ 
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Eighthly^ But if theQi^iantity mentioned at xht fifth Particu- 
lar has the Sign -f-, then conned thofe two Roots with the 
Sign -^-j and this will be the Square Root required. 

Now let it be required to extraft the Square Root oi a a 
-j-la b + bb. 

Here are three Quantities by the fir/l Particular. 

They have likowifc two different Letters, viz. a and i, by 
Utiefecond Particular. 

Two of thefe Q^iantities, viz. a a and bb^ are pure Powers 
C^ the two Letters a and b^ by the /Wr^ Particular. 

And both thefe pure Powers, viz. a a and bb^ have the Sign 
4-» by the fourth Particular. 

Now fuppofe we negleft the Confideration of the fifth Parti- 
cular» and attempt the ExtraSion of the Root by the fi th 
Particular. 

Then the Square Root oi aa^ is by Art. 33. ■ a 

And the Square Root of b b, is by the fame — — b 

. And now the third Qj^iantity 2a b being twice the Produft 
of the Roots a and by, arid having the Sign -j-> 

Therefore by the eighth Particular, I conneft a and b with 
the Sign -|--> then it is ■> ■ . a + b 

Hence I fuppofe a+b to be the Square Root of aa+2ab+bb. 

But to prove the Truth of the Operation, multiply the Root 
by itfcif, and if the Produft agrees with the given Quantity, in 
its ^tantitiesy Signs, and Co-efficients^ the Work is right ; if 
not the Work is cither erroneous, or has no Square Root, and 
is a Surd Q^iantity. >tv3-'-^^ 

The Root of the laft Example > , , /^-'Xr^ " .t 

was fuppofed to be 3 ' r^-^A^ c;" ;. ■ 

Which multiplied by itfelf a-^-b ^^f^ -'^^ 

ab + H ^ ^ 

aa-^ 2ab'\^^bb 

The Produft is the given Quantity, which proves that « + i 
is the Square Root oiaa-^-zab-^bb. 

Required theSquare Root of ^^-f~ 22:^7 -{-r.z. 

Here are three Quantities by th^firji Particular. 

They have likewife two different Letten, a and z, by the 
fecond Particular. 

Two of thefe Quantities, viz. a a and %z, are pure Powers 
of a and z, by the third Particular, whofc Square Roots arc 
a and &. 

And both thefe Powers have the Sign 4- '^y ^^^ fourth 
Particular. 

H 2 "^^^ 
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Now the third Quantity 2Ztf is twice the Pioduft of the 
Square S,oots of the two pure Powers a a and zz. 

Then to cxtraft the Square Root of aa+zza-^-zz by 
the ^^/^ Particular. 

The Square Root of a ^ by Art. 33. is ■ ■ >* <? 

The Square Root of zz by the fame is z 

^ecaufe the third Quantity 2az has the Sign -j-, therefore by 
the eighth Particular, conn^ft a and z with the Sign -|"> ^^^ 
^-j^z is the Square Root required. 

To try if the Square Root is a + z 
Multiply It by itfelf ^ 4- « 

a a -^ az 
aZ'\'ZZ 



aa'\-2aZ'\'ZZ , 



The Pr()du£l: aa^iaz-^zz^ agreeing with the given Quan- 
tity, ia the Quantities, Signs, and Co-e£kients, it appears 
that a-\-z\s the Square Root required. 

To ex trad the Square Root oimm — ^mp-^-pp, ^ 

Here are three X^antities by the firji Particular. 

They have likewife two different Letters m and ^, by the 
fecond Particular. 

Two of thefe three Quantities, viz. m m and pp are pure 
Powers cfm and p^ by the third Particular. 

And both thefe Powers have the Sign 4"» ^y ^^^ fourth 
Particular. 

Likewife the third Quantity — zmp is twice the Produ£k of 
the Square Roots of the two pure Powers m m and pp. 

Then according to the ftxth Particular, the Square Root of 
;«mis— - — • — — — — m 

By the fame, the Square Root of ^^ is — — p 

But as the third Quantity 2 mp has the Sign — , therefore by 
the feventh Particular conned m and p with the Sign — , and 
7n--p is the Square Root required. 

To try if the Square Root is m — p 

Multiply it by itfelf m—p 



mm — mp 
— mp + pp 



mm — 2mp'\-pp 



The Produft mm — ^mp-^pp^ agreeing in* every thing with 
the given. Quantity, it proves m-^p is the Square {loot required. 

By 
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By the fame Method of reafoning it will be found that the 
SquareRoot of zz-j-2ZJf+Afjr, isz-^x. 

And that the Square Root of a^— 2^^+ J^/, is tf-*^. 
And that xhe Square Root of xx — 2xm -f- m m, is x — m* 
And if it was required to extract the Square Root of a a-^-b a 

4 

Here the two pure Powers are a a and — ^^ 

4 
But the Square Root of ^ ^ is —• — — • a 

And the Square Root of — , is — — -^ - 

4 % 

And connefiing thcfe we have — • — ^ tf-f"- 

2 

The Square Root required. 

To prove the Truth of this Operation^ multiply ^ +- 

by itfelf> 



''+-! 




2 




. b 




a+- 




2 




» a b 
a a -f . 




2 




a b I 


bb 


2 


4 



I 2. I ^ ^ 
tf fl -|- ^ ^ -J 

4 
« multiplied by a the Produ£t is ^tf, and - multiplied by « 

is — , (for making a an improper Fra£Hon - as in common 

2 I 

Arithmetic, and multiplying the two Numerators a and b for 
a new Numerator, and the two Denominators i and 2 for a 

a h h h 

new Denominator, we have — ) and - multiplied by - pro- 

2 2 2 

b b 

duces — by the fame Rule y and in the ProduAs the Ffadions 
4 

-^ and — havmg the fame Denominator, adding them accord* 

2 2 

iflg 
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ing to the Rule for Addition of Vulgar Fradiions in Arith- 

metiC) the Sum is — ^, but reje£iing the 2 by the Rule for 

2 

Ji\v\{\on o^ Jlgebra the Sum is ab. 

Therefore when any one of the Quantities appears in a Prac- 
tional Manner, we muil extrad the Square Root of both the 
Numerator and Denominator, placing the Square Root of the 
Numerator for a new Numerator, and the Square Root of the 
Denominator for^a new Denominator, and try the Work as 
before. 

But if we cannot extraft the Square Root of both the Nume- 
rator ind Denominator, then we conclude the given Quantity 
to be a Surd. 

Now by this Reafontng we (ball find the Square Root of 

xx'\-xa-\' — , to be ;^-4--, 
4 2 

And that the Square Root oi mm — my^l^y is m — -. 

4 ^ 

Suppofe it was required to extract the Square Root of 

xX'^'Zxn — ftn. 

Here are three Quantities by thzfirji Particular. 

They have likewife two different Letters, x and », by the 
fecond Particular. 

Two of thefe three Quantities, viz. x x and n », ate pure 
Powers of ;i?and n. 

But both thefe Powers have not the Sign -{-, for it is — «», 
therefore by the fourth Particular, I conclude that the given 
Quantity xx-\'7.xn — nn is a Surd Q^ianrity, and its Square 
Root cannot be extradted any other wile than bv prefixing the 

Sign ^to it, as in Art. 33. Thus, ^ xx-^2xn — nn is, 
or exprefles the Square Root o^ xx'\-2xn — nn. 

Let it be required to extract the Square Root oi aa\^ab'\'bb^ 

Here are three given Quantities by ihtfirji Particular. 

They have likewife two different Letters, a and by by the 
Jicond Particular. 

Two of thefe Quantities, v/z. a a and b b are pure Powers 
of /7 and b. 

And both thefe Powers have the Sign + by the fourth Par- 
ticular* 

But then the third Quantity 5 <? i is not twice the Produft of 
the Square Roots oi a a and b b\ for their Roots being a and i, 
if they are multiplied the Pro<iudt is a b^ and that being multi- 
plied by 2 it is ^<ii.- Whereas the thiid Quantity in the given 

Example 
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Example IS 5 tf^. Hence, I conclude that aa-^- i^ah + bb is 
a Surd Quantity, and to exprefs its Square Root I prefix to it 

the Sign ^Z, fo will ^aa^s^^-^^^ ^^ 'he Square Root of 

And if if was required to extraft the Square Root of 

hb 
aa'{-7.ab'\- — , it will be found z Surd Quantity, it being 

impoffible to extradl the Square Root of 5, therefore prefix the 

Sign^to/7tf4-2tf* + — , and then v/<7tf + 2fl^ + _ is the 
Square Root required. 

For the fame Reafon the Square Root of x x-^-zxa-^- — 
3 

tt^xx + 2xa+ — , it being impofliblc to extraft the 

3 
Square Root of 3. 

When the Radical Sign or ^ is to be prefixt to tl^e Whole 
of any compound Quantity, draw the Top of the Sign over all 
thofe Qi^iantities, which fhows that they are all included under 
that Sign ; for if the Sign was not to be drawn over all of them, 
it may be thought the Square Root of that Quantity was 
only to be extraded which flands next the Radical Sign. 

To extradt the Square Root ofaaaa-^laab-^ib. 

Here are three given Quantities by the Jir/i Particular. 

They have like wife two different Letters, a and by by the 
fecond Particular. 

Two of thefe Quantities, viz. aaaa ai^d bb^ are pure Powers 
of a and b^ by the third Particular. 

And both thefe Powers have the Sign +» by the fourth 
Particular. 

And the till rd Quantity laab is twice the Produft of the 
Square ^oots of aaaa and bb^ for their Roots by Art. 33. are 
a a and b. 
, Now by thejixth Particular, the Square Root of aaaa is aa 

And by the fame, the Square Root of ^^ is — — b 

And as the third Term 2aab in the given Quantity has the 

Sign +, by the eighth Particular conned^ a a and i, the two 

^ - Roots of aaaa and W, with the Sign -J-, fo is aa '^b the 

Square Rootof aaaa -jr 2a a b-jr"^^* 

Tq 
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To prove which put down thcuj^ . , 

fuppofccl Square Root J aa -^o 

Which multiplied l»y rtfetf ^ <7 + £ 



a<ib'{' bb 

aa a a ^ 2aa b 'j' bb 



The ProduA aatia + 2aab + bby agreeing with the given 
Quantity ia every Particular, proves the Square Root to be as 
above., 

\ 

To extraft the Square Root of yyyy — 2yyx'^xx, 

Here the given Quantities agreeing with the firft five Parti«' 

culars as before. 

By tht Jixth Pairticular I find the Square Root of yyyy w^ yy 
By the fame, that the Square Root oi x x is — •— # 
But as the third Term — 2yyx in the given Quantity has the 

Sign — , therefore by the feventb Particular I conned yy and i 

the two Roots with the Sign — y and fay, or fuppofey^— 4r to 

be the Square Root required. 

To prove which put down 7 ^^^ 

the fuppofec^ Root j / " 
Which multijJy by itfelf yy — x 

yyyy—yyx 

"^ y y X -^ X X 

The Produ<5^* agreeing with 7 , 

the given Quintity^ S y 33 y-^y y' + «= >> 

By the fame Method we fhall find the Square Root of 
nnnn + innd+dd to be nn-^-d. 

And that the Square Root of xxxx'{'2xxyy^yyyy is 
xx+yy. 

And we (hall find that dddd-^-'^ddy+yy is a Sari/* Quantity, 
and its Square Root muft be exprefled by prefixing the radicxt 

Sign to it, thus ^dddd-^-T^ddy-^-yy* 

We ihall Hkewife find that — fpfp + 2fpy +yy is a Surd 
Quantiity, and to extrad t its Square Root, js onl y to prefix to it 

the radical Sign, thus v/— ^^^^ + t^/Jp>+>J• 



is?) 
Of Surd Qjjantities. 

THESE are fuch Quantities wbofe Roots cannot be 
exadtiy cxtn&tdj and as they arife in the Reblution of 
Jlgeiraic QgeAioaB^ we (hall explain to much- of them onty, 
as is necefTary to the prefent Defign. 

Additim of Surd , Quantities. 

35. Cafe I. When the Quantities under the Radical Signs are 
dike, afid the rational Quantities, or thofe which are without 
the Radical Sign together, by the Rules of Addition set Art, 
I, 2, 3> 49 5» 6, and to this join the Surd Quantities, and 
this will be the Sum required. 

^nd if there appears to be no rational Quantities without the 
rascal S^n, then Unity ^ or t, is always fuppofed to be the 
rational Quantity. 



Sxatfim I* 


Exam. 2. 

2,/Jy 

s/dy 

3y/dy 


Exam. 3. 
6m^d + a 
^m^d + a 

iom^d+ a 


Exam. 4* 


To v^tfjw 


Sy\/dm + % 
yx/dm + % 


S\im2y/am 


ty^dm + z 



Exam. I. There being no rational Quantities, therefore 
Unity, or i, is the racional Quantity to each. Now i added 
to I makes 2, to which joining the Surd v/^ ^> we have 
2 v/ tf w, the Sum required. 

Exam. 2- Tlic rational Quantities being 2 and i, their Sum 
18 3, to which joining y/rfy we have 3v/rfy, the Sum required. 

Exam. 3. The rational Quantities are 6 m and 4 ot , which 
being added mak e 10 w, to which joining the Surd, ^/d-^- a 
we have 10 m^d + a^ the Sum required. 

Exam. 4. The rational Quantities are 5^ and y, which 

being added m ake 6y, t o which joining the Surd y/ dm + z 
we have by^/ dm -|- %^ the Sum required. 

Exam . 5. Exa m. 6. Exam. 7. x 

To f^yd^ x — X iS^s/ da+p ^—jm ^la — y 

Add Syd\/ z — X '^^z^da-^p '^2myyda — y 

Sum iSyd^/z^^x i2Z^/7a+p ---gm\/da—y 

Exam. ^. The rational Quantities' 13^^ and 5yi being 

added make tSy df to w hich joining the Surd Quantity ^z-^* 

we have liyd^/Ti-^x. tlie Smi9 required, 

1 ? 
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JSa-/?;;?. 6. The rational Quantities 152; and — ^32? being 
added, theii: Sum by Art, 3. is 122;, to which joining the Surd 

^da^p we have I2Zy/^j+^, the Sum required. 

Exam, 7. The rational Quantities — 7 m and — 2 «i being 

added make— 9/^, to which joining ^yda — jr, we have. 
— 9 ^ v/^ ^ — ^> ^^^ ^""^ required. 

To — ly^ma-^m -^iim ^da — %p ibdp ^i^+p 

Add — 3;'\/w^+ffi 'jm^/da-^zp — i2dp\/i'\'4.p 

■■ ■ I ■■ » ^— — ■ I ■ ■ III ■ I ill I I ■ 

«— W«MH^lMMaHi^ ^M«^^iM«MaWMV«MM ^^MaMHi^ki^H^ 

Sum — 5;'v/«««+w — Sm^da — zp A-^Ps/^A-'^-p 



To /{.y^zd — za 5^v///'^+^ jz^ma — d 

Add 3.y\y/g^— zg -^4yA/^^ + ^ — Szy/mtf — ^/ 

Sum yy^zd — za ys/mp-^-x ^^z^ma^^d 

36. Cafe 2. Whqn the Letters under the radical Sign are / 
different^ then place them down one after the other with the 
fame Signs they have in the Queftioo, in the Manner as at 
Art. 6. and this will be the Sum required. 

Exam, !• Exam. 2. Exam, 3. 
To ^a \/b-\'m m^da-^y 
Add v/* \/d+y ^\/g 



Sum v/^"f"v/* v/^ + ^^-+v/^+^ fn^da+yi-^m^z 

Exam, I. The Letters under the radical Signs being different 
put down ^<ff, then becaufe <^b has the Sign +> therefore after 
y/tf put -f"j after which put v^*> and v^^ + ^Z^, is the 
oum required. 

Exam. 2. The Letters under the radical Signs being different 

put down ^yt + m: after which place t wo D ots to fhow that 
the Surd goes no further, then becaufe ^d-^-y has the Sign +> 
therefore after the Quantity ^k + m : put +, and after that 

the Surd v/^"+>'> ^"^ ^^ ^^^^ v/^ + ^ • + \/^ + ;'> the 
Sum required. 

Exam. 3. The Letters under the radical Signs being different 

put down m^ da -\'y : and becaufe the Quantity m^z has 

the Sign 4-, therefore after y^da +y : put the Sign +, after 

which put the Quantity ^y/z, and wc have ru^da-^yi 
-j- ^ \/ 25, the Sum required. 

- * lSxam» 
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E:iam. 4. £xam . 5. 

To y \/da — 5 \/da — y 

Add — Zy/m — 2my/^zm 



imm^atm/mmm 



Sum yx/Ja — z^m — 5\/^^ — >' — 2wi^z»> 

Exam. 6. . * -- • • •- • 

■' — 2m ^bz + n _ ; '\ 

. . 3y\/dz — b , , 

t mm ■■■■ ▼ , . I I wi ,11—^^—— —^——■^ 



/I 



t Exam, 4. The Le^tcrs.uodcr thfe*fa4jcal Signs beinjg diffident 
put down y^daj and becaufe — z^m has the Sign — , there- 
fore after y^/d p\xt the Sign ^,: ^™1 after that* the Quantity 
^rx/myZHdy^/^d^-T^z^mis the Sum required. ^ 

-Pa-j^j. 5. The Letters underitfie radical Signs bcing^fferent 

put down — i^^da-^ : an d becaufe — 2m\/'zmhzs the 

Sign — , therefore after — 5 ^da-^y : put. the Si gn -—^ an d 

after that the Quantity 2my/ zm^.^nd — 5^/^^ — y\ 
— 2 /« y/^ ^ is the Sum required. 

Exam. 6. fiecaufe the Letters under t he radical Signs are 

different I put dpwn — ^m^bz-^-n^ b ut T^y ^ dz.^^b 

having the Sign +, therefore after — 2m^bZ'\'ni put the 

•Sign +, and af ter that the Quantity 3 y y/dz — b : and 

— 2OTv^iz + « : +2y\/^^ — ^ is the Sum required. 

To ^^S>/da m\/'bma 



Add 7 \/^ 'i\/yp'^^ 

Sum — 5v^^tf + 7v//n m^/bma-^-^s/yp-^-^ 



To — Zy\/P+r i^m^/da^pz 

Add my/d 7 ^z-^-p 



Sum — Zy\/P+^'''\'^^\/^ i4.m^da+pz:'-\'j^z-\-p 



To --sy\/^p 



Add +7>'y/^^+^ 

Sum — 57v/^/> — «: + 7Vx/2;ot + <? 

I 2 Sa6j!ra€Ji«t 



^f 
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SubJiraBion of Surd ^antities. 

37. Cafi I. When the Letters under the Radical Signs are 
alike^ fubftrad the rational Quantities from the. rational Quan*-^ 
ticies by Art. 7. and to the DiiFerencejoin the Surd Quantities, 
which will be the Remainder required. 



Exam. I. 

From 5 V^^ 
Subftraft 3v/rftf 



Exam. 2. 
2m^mz 



Exam. 3. Exam. 4. 

Zyy/d±% 



%lpm\/ db — r 
Tqpmy/db — r 



Remains 2 v/^^ . Z^\/m'^ iiy^i^z 2pm,\/dk-^r 



V » ,>■ 



Exam. X,; The ratip^4i:Qi^Qt[ties are 5 and 3> fubftrading 
3 from 5 there remains 2y ;tf>,w))ich joining th^ Suid ^da vm 
have 2^da the Remaindqr.^uired. 

Exam. 2. The rational Q^uanrities are ^fff and^2m, fubflra^ 
ing 2i;i from 5 m there remaw 3 m, to which joining the Sur4 
y/w z we have '3 m ^m Zy the Remainder required. 

Exam. 3. The rational Quantities are I4jf and 37, fubftrafl** 
ing 2y f^otti i^y there remains 11 jr, to Which joining the Surd 

^/d-r^-z we have ii^^rf-(-z, the Remainder required. 

Exam. 4. The rational Quantities are 21pm and iqpm^ 
{uhHrz&ing tg p m from 21 pm^ there remains 2 ^ffl, to w hich 

joining the Surd y/Ji — r we have 2pm^dh — r, the 
Remainder requirei^ 



Exam. 5. 

From ijd^ba 

Subftra<Sl — /^d^/ba 

Remains 2 vd\/b a 



Exam. 6. 



Exam. 7. 



— 5>'v/£+f. 
3Jv/^4-g 






Exam. 5. The rational Quantities are 17 rf and — 44/* 
Now to fubftrad — 4^ from {7^, by the Rule ftn: SubftraAioa 
at Art. 7. change the Sign of — 4^, or fuppofe it to be changed, 
then — 4^ becomes +4^ or 4^; then by Art. 7. if we add 
i-] d to ^d xt is 21 ^, which is the Remainder that arifes by 
fubftrafling — 4^ from 17 ^/j now to this 2id join the Suni 
^b /7, and 21 d^b a is the Remainder required. 

Exam. 6. To fubftraft the rational Quantity 3jf from 
— 5.V, we muft by Art. 7. change or fuppofe the Sign of 3/ 

to 
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to be changed, which will make it *— 3Jf: then by the fame 
Art. — 3jr added to — <> it is — Sy^ which is the Kemaindef 
that arifes from fubftrading the ratio nal Qu antities, th erefore 

to this — 8jp join the Surd Quantity ^/d-j-a, and — Sy^/dl^ 
is the Remainder required. 

Exam. 7* Here the rational Quantities are -*-5^i» and — 6m^ 
and by the Rule for Subftra£lion Art. 7. if wefoppofe the Sign 
of — 6 w to be changed, it becomes + 6 w or 6 ;w, and then 
adding — 5 /» to 6 m it is /n^ the Remainder arifing from fub- 
ftraAing the rational Quanti ties ; an d if to this m we join thq^ 

Surd y/</4-tf * we have m^d-\-ali, the Remainder required. 



£xam. 8. 



Exam. 9. 



Exam. Id. 



From ^'^v/£if. 
SubftraA' qm^/d-^a 

Remains izm^^d-^a 
Exam. II. 



-2 d^m n -f-^ 



i%y\/ d — an 
—Zys/d—an 



From — iua\/m — p 
Subftra£t 7.a^m — p 



-^Tdy/mn-^-p ^Sy\/d — an 

Exam. 12. Exam. 13. 

14^ y/ ?^ 

-ZPs/d-y 



Remains r^ba^m — p ^iPs/d — jr 



Exam. 15. 



ja^x {-y 

r 

Exam. 16. 



i — 21 \/ op— ax 

— ^y/ap—ojc 



-^X^ ^da - z 
7\/da — X 



— I2^ap — ax — 2lv/^^7-« 



Exam. 14. 

From l^s/<^p^ 
Subftrad 2a\/ ap 

Remains ^ay/ap 

The Truth of thefe Operations are proved as in Subflradion 
of common Numbers. Thus at Example i, the Remainder ii 
2\/day and the Quantity fubftrafted was3Y/^tf, now 
if we add thefe together by Art. 34. the Sum is ^ \/ d a^ 
which being the fame Quantity from which '^^da was fub« 
ftrafted, it proves the Work to be true. 

Again at Example 6. the Remainder is — Sj^^df-j-^ • the 

Quantity fubft rafted was 3/v/^ + ^- ^^^ ^Y Ar t. 34. 

if to — ^ys/d-^-a we add Zys/^^^y the Sum is — 5 j^\/^+tf» 

which being the Quantity from which 37v/rf4~^ ^^ ^^^^ 
fira^Sed^ it proves the Work to be triie. 
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38. Cafe 2. When the Letters under the radical Signs are 
different, (^t them down one after the other, as at Art. 36. 
but in fetting them down take Care to change the Signs of thoie 
Quantities th^t are to b^ fubftraded, by Art. 7. and this will 
be the Remainder required/ 

. 'Exam. !• ; • Exam^ 2. . Exam, 3, 

From ' ^\/da 'Tjui^dp . Sy\/^ 

Subftra£l ;5\>/w - *j*:/% ' — % \/b 

Remains 2 ^i/a — l^m' .tm^ydp—y^z Sy\/^-\r3\/^ 

Exam.'i. The Letters^ under the radical Signs betng different 
pkce down '2 vf^//tf, and "becaufe 3^/71 the" Qiiantity to be 
fubftrafited has the Sign tf-,. therefore 9S\(^x %\/da place 
the Sigh— ^, and after that the Quantity 3\/ ot, and 
'2\/dd^^:^^m is the Remainder required.. 
. Exam. 2« Becaufe the Letters, under the radical Sjgns.are 
different put down 2 m \/ dp^ and becaufe;^ ^z the Quantity 
to be fubflra<Sled has the Sign 4*9 therefore ^Xxitx % m y/ d p 
put the Sign — , and after \hdXyy/z^ and im^dp — >v^» 
is the Remamder required. 

' Exam,:}. Becaufe the Letters under the radical Signs are 
different put down Sy\/aj but as — 3\/i the Quantity to 
be fubflf^fted has the Sign — , therefore after sys/^ P"^ ^^^ 
Sign +, and after that 3v/*> and 5/ ^/^ 4" 3 \/^ *5 ^^ 
Remainder required. 

Exam,_\» Exam4 ^. 

From m^da-^-p — ^yy/^ 

Subftraa 2^/^7 ^d\/h 



Remains m^da-^-p-. — J.\/a — 5>'\/<^+rf\/* 

Exam.(>. 
From 5 « v/ ^ . 



Subftraft —J^k/±+J__ 



Remains S^\/^'\'^\/P'^^ 

Exam. 4. Becaufe the Letters under the radical Signs are 

different put down m^da-^-p^ but as 2 v^^7 the Quantit y to 

be fubflrafted has the Sign +> therefore after m^/da -j-^ put 

the Sign — , and after that 2^^^, and m^/da^- p: — 2\/tf 
is the Remainder required. 

Exam. 
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Exam, 5, Becaufe the Letters under the radical Signs are 
different put down — Sy\/^y ^"^ ^^ — d^b the Quantity ta 
be fubftraded has the Sign — , therefore after — Syy/^ P"^ ^^^ 
Sign +, and after that d^hy and — 5> \/ ^ + ^\/ ^ is the 
Remainder required. 

Exam. 6. Becaufe the Letters under the radical Signs are 

different put down 5771 ^tf, but as — ^s/p-^-q has the Sign 
— before it, th erefore after ^m^a put the Sign -f-, alid after 

that »v/^+^> ^^^, 5Wv/^ + zv//^ + ? is the Remainder 
required. 

Ffom Ss/o-^-p ^\/P 

Subftra£!l m^y ^-^yy^da — p 



Remains Jv/^+^- — ^\/y ^\/P+y\/d^ — p 



From Z^s /^-^P — 5»v^t/tf 

Subftra<a 7.ny/z^^ — 3^;;i 



Remains Z^\/^+P'' — "in^yz—y — 5»v/^*+3v/^ 



From — 5 ^p 4- 2; n^ da. 

Subftrad 3»v/«^ Tv/^+.y 



Remains — 5\/^ + 2: — 3«v/^ 14 v/^/?: — ^^pj^y 

The Truth of thefe Operations are proved in the fame Man* 
ner as in the laft Article, by adding the Remainder to the 
Quantity that was fubftrafted ; and if their Sum makes the 
Quantity from which the other was taken, the Work is true, 
if not, there is a Miflake. 

Thus ^t Example i. the Remainder is 2^/^^ — 3v/^ 
To which if we add the Quantity ) * - 

fubftrafted J > 3v/^ 

' The Sum is iy/ d a^ the fame in . , 

the given Example. For in this ^ 

Addition adding +3v/''^ ^o — 3\/^> the Co-eiEcicnts and 
Quantities being the fajne and the Signs contrary,, they deftroy 
one another or go out of the Work, by Art. 5. 

Again at Example 5. the Remainder is — Sy \/^ -^d^b 
.To which if we add the Quantity J . y, 

fubftrafted ^ ______ 

The Sum is — Sy \/ ^t ^^^^ ^^^® y ^ 

as in the given Example. For here SJv ^ 

'^dy/ b being added to d^y b ox -^-d^b^ they deftroy one 
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another as in the laft Infiance. In like Manner the Reader 
may prove any of the other Examples* 

Multiplication of Surd ^antities. 

39. Cafe I. When there are no rational Quantities but Unity 
joined to the Surd Quantities, then multiply the Surd Quantities, 
as in Multiplication of Jlgebra^ but to their Produdl 'prefix 
the radical Sign. 

Exam. I. Exam. 2. Exam. 3. Exam. 4^ 

Multiply y/tf y/mn \/py * \/^* 

By ^m </rf l/x \/a 

Frpduft ^^am ^mnd \/Py^ \/zxa 

Exam. I. Multiplying ^ by xir, the Produ<5l Isam^ to which 
prefixing the Sign ^, we have ^a m the Produ£l: required. 

Exam, 2. Multiplying mn hy d^ the Produfl is mnd^ C9 
toiiich prefixing the Sign ^, we have ^ mndy the ProduA' 
required. 

Exam, 3. Multiplying py by z, the Produft is pyz^ to 
which prefixing the Sign ^, we have \/py «, the Produft 
required. ' 

Exam, 4. Multiplying z x by a^ the Produfl: is zxa^ to 
which prefixing the Sign v^, we have \/zxa^ the Produd 
required. 

Exam. 5. Exam. 6# 

Multiply \/p4 \/2J? 

By ^ y/g y/y 

Produft ^paz ' ^zy x 

Exam, 7. Exam. 8. 

Multiply v^tf + * v//w« — z 

By Vj^ >/« 



Produft \/^y+y^ x/mna-^az 

Exam. 7. Multiplying a +bhyy, the Produft is tf> +^*, 
by Art. 10. to which prefixing the Si gn y/, an d drawing it 

over all the Quantities, we have \/ay+yby the Produd 
required. 

Mxam^ 
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Exam, 8. Multiplying m» — z by a^ the Produd js mnf 
— a Z', hy Art. 10 and 16. to which prefixing the rftdioai Sigp 

as in the laft Example, w^ have ^ mn^r^^z the Prodi)^ 
required. 

Exam, 9. ^AT^w. JO. Exam. li. 

Multiply ^ap4-* ^y a % — a f %/4'^y 



^ <■ 



Product \/apy -^-y z ^a^nfr^qprn s/^t'^tf 

Exam. 9. Multiplying <7^+2: by ;>, the Produ ft is a pjAfjn^ 

to which prefixing th^ radi(;?l Sigq, wc bav? y/^pJ-^JZ thp 
Prqdud recjuir^d. 

£;rj«. 10, Multiplying tf:^r-T<7> by w,^ theProdM^ i? <???f» 
— ^ ^ ^> ^Q wh ich prefixing the radical Sign, yp have 
^azm — apm the Produd required. 

£xam. II. Multiplying rf—^f by ^, the Prpd u^ is dp — py^ 

to which prefixing the radical Sign, wc have s/dp'^py thp 
PioduA ref)uired. 



By s/a-^p \/^+7 \/^ 



Prodttd \/aab^abp \/zy4+^yy y/apd-^-'dz 



JVlultJpIy y/ap-^-^ y /tf y \ /m 

^Y s/^ \/d—'ii s/fl-^py 

Frodudt ^apm'{-zm \/Qyd — ^y% V^«^ — Vkpy 

• • .»- • 

40. Cfifi^. When there ar^ ratienal C^antitt^s joined to tf^ 
Surds, then multiply the rational Qu^mities togetjh«r as in |^ui- 
ti^ication oi Alggira^ after which multiply the $urd Quant^ti^ 
t^^bcr „l^ 4t)e 4aft Article^ a^ joining tfaefe two Pr^^^ tbjp 
will be the Produd required. 

If there are no rational Quantities prefixt, thea V^ity^ or l^ 
^ ^WA^f &Ppof(^ io b? tbe ratipfidi Q»Antitjr« 

> Exam. I. , Exam.n. Exam. 2* J^fifm, 4. 
MitUiflj^ a^m .opx/z 3\/.mn y^p 

^y A/y ^\/^ :^\/p ys/4 

Froouct adi^my %ap\/za i^y/m^np y\/mpd 
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Exam, I. Multiplying the rational Quantities ^ and ^^ the 
Product is ad^ and rtiultiplying the Surds \/ mhy ^ y^ the 
Produ£b is \/nry by Art. 39. joining this to the rational 
Quantity tf^, w€hi}te ad^ my the Produ<5l required. 

Exam. 2. Multiplying the rational Quantities ap by 2, the 
Produfi \& Q,a pj and multiplying the Surds \/ %hy ^y a^ the 
.Produdis \/za by Art. 39. joining thefe, and 7,apy/%a is 
the Prodncft i equired, ■ 

Exam. 3.- Multiplying the rational Quantities 3 and a^ the 
ProduA is jtf, and multiplying the Surds y/ mn by \/ py the 
Produift is ^mnp by Art. 39. joining thefe we have 
3 ax/mnp the Produft required. 

Exam. 4. Multiplying the rational Quantities^ and i, (for i 

. h the rational Quantity of \/mp^ there being no rational Quaar 

tity prefixt) the Produdt is j^, and multiplying the Surds ^mp 

by ^dj the Produ<ft is ^mpd by Art. 39, and joining thcfc 

Vfch«vcy^mpd the Produdl required. 

Exam, 5.. Exam. 6. Exam. 7. Exam. 8. 

Multiply amy/^p ys/PH m>y%p 'iai^/'^x 

By Zy/rf dl/7. i,ys/y Zd^/ t,y 

Produft amiL^pd yd^pq% A^y\/^py i>ad\/T2%y 

ExiS&n. 5^ The Produ(5l of the rational Quantities is amz^ 
and the Produft of the Surds is \/pdf thefe Being jomed we have 
amz^pd^ihc Product required. " . 

Exam, 6. The Produdt of the rational Quantities is yd, and 
thj2 Produft of the Surds is ^pfz, thefe being Joined we have 
j?^/j//>f» .the Produft required. . ; V; 

£xam\'j. The Produdl of tKe rational Quantities is 4^27^ 
and the Produ£t of the Surds is: %/ zpy^ thef^*b^i^ J6ined we 
have \my^^py the PrpdjuiE^ required. -" :::::;i:: : • r ' 

Exam. 8. The Produ£|; of th« rational Qu^titiQS is 6a^ 
and the Pj;odu£i; of the Sunjs is y/. 12 %y^ tbejp b^ng: joined. VGC 
have 6 J i/^v/ 1 2 2;^ the Prod u£l required^ 



. -» J 



Exam. 9. E^am.. 10. Exitm: 1 1,^*' . i Eit^mi f ^ 

Multiply jf^/Aw \/m% ' 2x/dx -^ ■ • *^' 3y/22 .. 

By tf y/g ay/y v \/z ' V "^ 
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Exam. 13. Exam. 14* Exam. 15. ^ 



Multiply ;»v/fl+;^ ^\/m—p^ a^dp^z. 

ProdiKS: ma^ap'-\-py dy\/md — p%d ax^apy^yn 

Exam. 13. Multiplying the rational Quantities m and a^ the 
Produd is m a^ and multiplying a^y by p^ the Produ£l: is a ^ 
-f-^j', bot prefixi ng to th is the Sign ^/j becaufe they are 
Surds, we have K/ap-\'py{(X the Produd of the Surds, which 
joining tow/rth e Produfl of the rational Quantities, we have 

m a \/ap"\-py the Produd required. 

Exam. 14. IVIultiplying the rational Quantities // and y, the 

Produ£l is dy^ a nd multiplyin g the Surds y/^w — ^2;byy/Jf, 

the ProduS is y/w 4 — pzdy which being joined to dy^ the 

Produdof the rational Quantities^ we have dy^mdr—pxi 
the Produ<3 required. 

Exam. 15. The Produd of the rational Quantities is ax^zni. 

the Produift of the Surds is \/apy-\-yZy thefe being joineJ 

we have ax\/apy +>' z the Prodq^ required. 

Exam. 16. Exam. 17. 

Multiply a m y/p y-^-d 2 \/a m — y 

By y\/z ^\/p 



Produ£l amyi^pyz-^-zd %a\/ am^.-r-py 

Exam, i8. 
Multiply my/ p d 
^fj a y/ d — a 



Produfl; ma^pdd — pda 

Exam. 16. The rational Quantities ^m and y, being multi^ 
plied, the Produftis tf/wy, ^vApy'\'d)dt\n^iEiyA\x^\tii\ij%^ 
tlie Produift v&pi^ii-\-zd\ but before it prefix the radiddSign^ 

bccauie thefe' Q^uaiiWtles 'arc Surds, tten it is \/ pyt^^^> 

joining this to tlie JProdiift amy^ we have a my s/p^y^^^ ^i 
the PjoduS; required. 

K 2 EKom^ 
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Exam. 17. The ProduA of the rational Quantities 2 and «,* 

is 3ti, *iW the Produftdflh^urds is \/amp-^py: joining 

thefc'wv have ta^amp^-'^y the Prodtnft required. 

ixim.ii. ^he Produift of the rational Qiiantitfes m ^ni dp 
is #i#| -w^pj multiplied wto J — a, is ^^i/ — ^^^9 to whicn 
pre(|x the racKoal Sign bec^fe tbefe are Surds, dnd this becdoitt 

y/pdd — pda^ now joining it to ma^ wc have ma^pdd—pda 
tbd Produift required* 



Miiltiply .iv/p — ^ 
By il&ih 



3v/>B — » \/«-t-* 

■■ rl I** I > ■■> I il I III • ■ w T i I I • I wmmmimm 

-- -■ - - n • - * ■*wiaa^k«*A««Mi 

Produft zaby/pm — my b^^ma-^^na a^zn-^xh 



Mhltjplj^ an v/.3 ^ + « J' v/^ — « 

By i v^^ -2 m^a 



Produil Sint\/2yd^dz ^ym^pa^ax 

Mullipiy 5 y/jf — Af 
By 5*v/2* 



MtaMWi 



* ifc«»»i lafcii I < 



Produdl iS^\/2*;' — 2*^ 

Divifion of Surd SluantMes. 

" 4*1. Cyj i. When there ire no rational Quantities joined 
with Ihd Surd Qjiahtities, rejeft aU tholfc Qyatititks in the Di- 
vidend and Divifor that are alike, as at Art. 20. and fet down 
the Remainder, to which prefix the radical Sign, 

Exam, I. Exam, 2. Exam, 3. Exam, 4. 

Divide \/ mn \/ m a ^ a b d ^ a b d 

By y/ffl y/g \/ nb \/ a 



Quotient y/« \/^ \/ ^ s/k^ 

I _v " ' ' ' ' ■ ' ■ ■ 

A^am. I, Becaufe iq is in both' DLridend and Divifor^ 
fcjeft it^ axKt place down n. the remainii^ Part of the Di-* 
^iiet^ CO ^hfch prefixing tlie radical Sign> and y/n is the 
QtrdHcftt itquired. - ^ 

Exam* 



Of S tJ R D QjJ A K T I T I E S. . 69 

Exam. a. Becaufe a is in both Dividend and Dlvifor, reje^El 
it, am) plape down m the remaining Part of the Dividend, 
to which prefixing the radical Sign, we have ^m the Q^iotienc 
required. 

Exam. 3. Becaufe ab is in both Dividend and Divifor, re- 
jed it, afed place down d the remaining Part of the Dividend, 
to which prefixing the radical Sign, we havf y/d the Quotient 
required. 

Exam. 4* Becaufe a is in both Dividend and Divlfor, reje£l: 
it, and place down bd the remaining Part of the Dividend, to 
which prefixing the radical Sign, we have \/bd the Quotient 
required. . 

Exam. 5. Exam.6» Exam. 7, Exam. 8. 

Divide ^mdy ^bzd ^bzd s/jp^ 

By y/y \/bd y/ z d \/yP 

^^ siaBas^iXMaHa^iMat MB_aa>n»M^MB*«MaB w>0^i^n>aBaasm^^ •■.Vanaa^i^__^aaaa^ 

Qudticht ^ fh d y/ z \/ b ^ a 

Exam. 5^ Becaufe^ is in both Dividend and Divifor, t^td: 
it, and placb down m d with the Sign ^ before it, and 
^m d is the. Quotient required. 

Exam. 6. Becaufe ^^ is in both Dividend and Divifor, rejed: 
it, and place down % with the Sign ^Z hefore it, and y/x 
is the Quotient required. 

Exam. 7. Becaufe zi is In both Dividend and Divifor, rqeA 
it, and place down b with the Sign ^Z before it, and we have 
^b the Quotient required. 

Exam. 8. Becaufe j^p is in both Dividend and DiWtbr^ rejeA 
it, and place down a with the Sign ^Z before k, and ^^ b 
the Quotient required. 

Exam.q. Exam, 10. Exam. 11. Exam. 12. 

Divide ^max \/ndy ^ay% ^ahd 

By \/ ^ \/ ^y v/tf \/ a d 

Quotient s/ ma ^d \/ y z ^^ b 

Exam. i^. Exam, 14. Exam. 15. 



Divide \/.am'\'a'p \/py^-p^ \/bd — Jf.m 

% ^/^ \/^ ^/J 



MM* ■■ '■ ~ i—i»o— — — » H I — — — ii»p 



Quoticat \/ m +.^ ^y — n %/ d-^ m 

Exam. 
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Exam. 13. If we divide am-^^ap by a^ the QuetJent is 
m-^p hy Art. 22. but becaufe they are Surds, prefix the Sig^ 

^ to m 4" ^> and y/ ^ + -? 's the Quotient required. . 

Exam, 14. Dividing^;' — pn by /, the Quotient is y-^n^ 
by Art, 2 2 and 24, to which prefixing the Sign v/> we have 

y/^ — n the Quotient required* 

Exam. 15. Dividing i^ — bmhyb^ the Quotient is ^ — », 
by Art. 22 and 24. to which prefixing the Sign y/, we have 

V^^ — w the Quotient required. 



•/•■^■—i »■ 



Divide v/ ^ '^ + ^ ^ 

By x/^ 



Quotient ^Z « + « 



y//w X — m d 
v/ m 


s/x — d 


y/ ad-^r a y 
1/ a 





-»^ 


v/«=- 


■p 




-km 



Divide v/ ^ ^ — ^f 
By v/z 

Quotient y/^ — y v/^+7 \/d-^m 

The Truth of thefe Operations are proved by itiultiplying the 
Quotient by the Divifori for if that produces the Dividend, the 
Work is true, othcrwife it is erroneous. Thus in Example 2^ 
the Divifor is v/^? ^^cl the Qiiotient is \/ m^ which being 
multiplied by Art. 39. the Produft is ^/^^ ^hc given 
Dividend. 

And at Example 6, the Divifor is \/bd^ and the Quotient is 
y/z, which being multiplied by Art. 39. the Produ£l is \/h%i 
the given Dividend. 
. And at Example 13, the Divifor is ^a^ and the Quotient is 

y/m-^p^ which being multiplied by Art. 39. the Produft i$ 

y/ am ^ ap the given Dividend; in the fame Manner may 
any of the other Examples be proved. 

42. Cafe 2. When there are rational Quantities joined with 
the Surds, divide the rational Quantities by the rational Quanti- 
ties, by the Rules in Divifion of Algebra ; and to their Quotient* 
join the Quotient of the Surds found by the laft Article, which 
will be the Quotient required. 

Exam. I. Exam, 2. Exam. 3. Exam* 4. 
Divide aj^mn bm'\^y%, yd^az 'may/ayn 
By a^/m m^z yy/^ a\/ay 

Quotient, yi//? *\/j^ ^v^^ m^n 

' ' Exam. 
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Exam, I. Dividing the rational Quantities a y hy a^ the 
Quotient is ^ by Art. 20. and dividing ^/w « by ^/zw, the 
Quotient is ^« by Art. 41. now joining ;f to \/ n^ we have- 
y ^n the Quotient required. 

£;ir/7i». 2. -Dividing the rational Quantities bm by rtiy the 
Quotient is b by Art. 20. and dividing \/ yz by \/ z:^ the 
Quotient is s/y^ now joining b and \/yy we have b ^ y the 
Quotient required. 

Exam. 3. Dividing the rational Quantities yd by y^ the 
Quotient is d by Art. 20. arid dividing \/a% by \/ a^ the 
Quotient is ^z by Art. 41. now joining d and y/2;, we 
have dy^z the Q^iotient required. 

Exam,^, Dividing the rational Quantities ma by ^, the 
Qioticnt is m by Art. 20. and dividing ^^7/« by \/^7^, the 
Quotient is ^n by Art. 41.. now joining m and \/ n^ we 
have m^y n the Quotient required. 

Exam, 5. Exam. 6. Exam, 7. Exam, %, 

Dividb aytiy/mn mriy/xay xay^nd dz^ahp 
^y ay \/ m n^ x y a\/ n Z\ / a n 

Quotient n^n m^a x^d dy/p 

Exam* 5. Dividing the rational Qiiantities ayn by ay^ the 
Quotient is n by Art. 20. and dividing ^/^z w by y/^j the 
Quotient is ^« by Art. 41. now joining n and ^«, we have 
"» ^11 the Qi.»otient required. 

' Exam, 6. Dividing the rational Quantities mn by n^ the 
Quotient is m by Art. 20. and dividing *y xay by v^^;', the 
Quotient is ^^ by Art. 41. now joining m and \/ a^ we 
have »iy/tf the Qi^ipt lent required. 

Exam.*], Dividing the rational Quantities xa by ^, the 
-Quotient is ^, and dividing \/ n d by \/ ny the Qiiotient is 
y/^ by Art. 41. n?w joining x and ^rf, we have x ^d 
the Quotient required. 

JExam, 8. Dividing the rational Quantities ^z- by z, the 
Quotient is d^ and dividing ^/tf k^ by ^/tf «, the Quotient is 
y/f-bj Art. 41.' now joining d and ^^, we have d^/ p 
the Quotient required. 

Exam* 9.. Exam* 10, ■ Exam, 11. Exam. 12. 

{Jlivide /^mriyyab my^ax dn^xy %an\/rd 
By %my/a ,y\/^ n^x ^^\ /^ 

Quotient 2«v/^ wv/« ^s/n 2^\/d 

Exam* 
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Exam, 13. 
Divide mx^pq 

By xs/p 



Exam. 14. 

j^an^yrd 
a^d 



Quotient mt^q A^\/^ ^s/P 

Exam. 17. Exam, 18. 



Exam, 15, Exam. 16. 

xz^myp rm^dz 
%K/my r^d 

Exam. tg» , 



Divide mn^ap+ax 
By mx/a 

Quotient n^p+x 



yps/^d'^'Zm 
y\/d+m 



day^ym -^yr 
yy/m-^r 



Exam. 17. Dividing the rational Quanti tjeg mn\ xy w, the 

Quotient is « by Art. zc. and dividing ^/ap-^-ax by v/^> 

we have ^Z j > + ^ by Art. 41, and joining n and ^p + jr, 

we have n^ p + ;r the Quotient required. 

Exam. 18. Dividing the rational Quan tities yp h y p^ the 

Quotient is y by Art. 20. and dividing ^zd-^ % m by v/^> 

th e Quot ient is y/ d + m by Art. 41. joining y and 

\/d + my we have y ^d+ m the Quotient required. 

Exam.ig. Dividing the rational Quaotsttes day hy da^ 

the Quotient is y by Ar t. 20. a nd dividing \/ ym-^-yr by 

y /yt the Quotient is ^m + r by Art. 41. joimVig y and 

y^m + r, we have j^v/w + r the Quotient required. Th^ 
following Examples are done in the fame Manner, 



Divide ^an^dy'\'dn 
By 2a\/d 

Quotient m^y-^n n^z — b T-ys/m-^-d 



nn^pz — pk 
^y/P 






** » 



Divide 

By 

Quotient p^x — h 



pn^dx — db 
n^d 



i7.hay/py — px 
Z^\/P 



A^y/y 



anx^pd-^fm 
axy/p 

n^d-^m 



The Truth of tbcfe Operations are proved likewife from 
ionultiplyifig the Qjioticnt by the Divifor, and if that Produd 
makes <hel)ivideiid» the Work is tiue» if not, there is a Miftakc 
Thus ia 

Exam. 
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Esffdm. 1. the Quatient is jf^«, and the Divifor is a<^m ; 
now multiplying jf ^ If by ai^niy by Art. 39. firtt multiply 
the rational Quantities y and tf, tbis.Produ£l is ^ j, and muIci-» 
plying ^ff by y/«i, this Produift is ^mny and joining this to 
ay we have ayy/mn the Produd, which being the fame a» the 
^iven Dividend, proves the Work tp be true. 

And at Example 5. the Divifor is ay^yniy and the Quotient 
is n^n^ now multiplying ay^m by n^n^ according to Art. 
39. we firft multiply the rational Quantities ay by «, and this 
Produft is ay n ; then multiplying %ym by \/n^ this Produft 
is \/ mn^ and joining this to a y n^ the Produ(9: is 
ayn^mn^ which being the fame with the given Dividend, 
."Work is true. 

A nd at Example 17. the Divifor is m^a^ and the Quotient is 

ify/j^ + iV, and multiplying thefe by Art. 39. we firft multiply 
the rational Quantities m and «, together, and this Produdt is ww, 

then multiplying ^a by y/^ +-*» this ProduS xs^yap -^-dx^ 

which being joined to mn^ the Produdl is mn^ap-^-ax^ the 
iame as the given Dividend, and fo may any of the other £x* 
aoiples be proved. 

Involution of Surd ^antities. 

43. Cafe I, When there are no rational Quantities joined 
with the Surds, it is only fetting the Qi^raptities down without 
their radical Sign, which raifes the given Root as high as is the 
Index of the radical Sign. 

Exam, I. Exam. 2. Exam. 3. Exam. 4. 

.. ^Raife to the Square ) , y y yii 

or ftcond Power J V^-^ ^""^ ^""^ v/* 

The Square a mn na b 

This teing no more accordmg to the Rule, but to fet down 
.the Quantities without their radical Sign, it is fo eafy as not to 
li^ant any farther Explanation. 

The Reafon on which the Operation is founded, is, that any 

Quantity or Number being niulriplied by itfelf, will produce the 

Square of that Quantity or Number, thus 2x2 = 4, whence 

'4 is Iht Square of 2, and a x a=^qa^ which is thf) Square of ^7, 

^and "fo of any other Quantity. Now fuppofing the Square Root 

of ^, was to be extracted, which by Art, 33. h\/ a. But 

L as 
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as ^a is the Root, and a was, the Square from which that Root 
was extradled, hence ^a multiplied into ^/^^ muft produce a^ 
by what has been juft faid : Now y/^ multiplied by ^ Ay is 
y/aa by Art. 39. and as ^aa figniiies the Square Root of aa^ 
which is a by Art, 33. it follows that to involve any Surd that 
has no rational Quantities joined with it, is only to fet daw9 
the Quantities without their radical Sign. 

• 

To find the Square or ? , • j ^x j 

fecond Power of S ^"^ ^"^ ^P^ V* 

The Square ai^ nd p r z 

And if there are feveral Quantities connefted by the Signs -|- 
or — , and are all under the radical Sign, they are involved ia 
the fame Manner. 



Raife to the fecond / 



Power or Square S ^"^^ s/an-d s/f + ny 

The Square a-^-h an — d P-^-^J 



Raife to the fecond \ y—j — - ./ j^x^„ /Tl! — Tj 
Power or Square J v/^^-« \/dz + zy ^pm-nd 

The Square pd — n dz + zy pm — nd 

Raife to the 2d 7 y * . , j 7-77 yr~7"Z j 

PowerorSquare Jv/^+J'-'' s/am-n+db ^pz+zx^xd 

The Square a+y — d am — n^db pz+zx — xd 

44. Ca/e 2. When there are rational Quantities joined with 
the Surds, then involve the rational Quantities as high as is the 
Index of the Surd, and multiply tiiefe involved Quantities into 
the Surd Quantities, after the radical Sign is taken away. 

Exam. I. Exam. 2. Exam.^. JBxam.^m 

Raife to the Square a^/m h^^nz d\/y %%^h 
The Square aam bbnz ddy zzzTfb 

Ex. I. The rational Quantity a fquared is by Art. 31. a\i 
The' Surd QiiantUy ^m being put dcwn (^ 



without the radii*al Sign is J 



Tbcfc being multiplied the Piodudl is the Square ];cquired aam 

f 

Exam9 
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Ex, 2. The rational Quantity b fquared is by Art, 31. bb 
Tine Surd Quantity ^n % without the radical Sign ie - nz 

Thefe multiplied the* Produd is the Square required H n z 

Exdm. 3. The rational Quantity^ fquared is <• >- dd 
The Surd Quantity ^^y without the radical Sign is - % 

Thefe multiplied the Product is the Square required ' ddy 

Exam. 4. The rational Quantity zz fquared is - . zzzz 
The Surd Quantity ^b without the radical Sign is - ^ 

Thefe multiplied tl^ Produdl is the Square required %%%%b 

^ Exam. 5. Exam. 6. Exam. 7. Exam. 8. 

Kaife to the Square ariAyp dz\/yx p\/xy da^z 
The Square cannp ddzzyx ^ppxy ddaaz 

Exam. 5. The rational Quantity an fquared is - aann 
The Surd Quantity t^p without the radical Sign Is - ^ 

Thefe multiplied the Produft is the Square required aannp 

Exam.t. The rational Quantity ^2; fquared is - ddzz 
The Surd Quantity \/yx without the radical Sign is - yx 

Thefe multiplied the Produ6i: is the Square required ddzzy x 

Exam. J. The rational Quantity^ fquared is - - pp 
The Surd Quantity ^xy without the radical Sign is - xy 

Tbeile being multiplied the Prod, is the Square required ppxy 

Exam. 8. The rational Quantity ia.fquared is -v. - ddaa 
The Surd Quantity ^z without the radical Sign is - - z 

Thefe being multiplied the Prod, is the Square required ddaaz 

■ i ~ ■ 

Raife to the Square m^pz mn*yd ay/rd Py\/fn 
The Square mmp^z mmnnd aard Ppyy^ 

Raife to the Square o(s/pd iftriy/a Z\/px az^d 
TheSquslre xxpd xxnna zzpx aazzd 

And if there are more Quantities than one under the radical 
Sign, connefled with the Signs + or — , then after the rational 
Quantities are involved, (>r raifed as high a^ is the Index of the 

L 3 Sued 
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Surd \ place thefe under the radical Quaittities, without their 
Sign, then multiply t\\&ni by the Rules of Multiplication at 
Art. g, ^c. and this wiU be the Square required* 

Exam. I. Exam. 2, Exam. 3. 



Raife to the Square a^m-^y h^d-\'Z fn^z-^x 
The Square is aa'm-^aay ' bbd'\'bh% w mz-HW-zwAr 



Exam, f.. The Surd Qu^tity x/ni-^^y X ^ •. jgt4-v 

without the radicaf Sign is S " *" ^ 

The rational Quantity' a fquared is - - ^ - a a 

Thefe being multiplied according to Art. 10. \ • 

tke Proihid: is the Square required J "1" / 

wE^/<7ip. 2. The Sard Quantity ^d-\rzl ^ ^ d-^% 

without the radical Sign is 3 " * 

Thp rational Quantity A fquared iis ' -• • . - \::"ib 

Thefe multiplied tlie Prod, is the Square required bbi^yb% 

jE';t;^7w. 3. The Surd Qiiantity ^a— ;«• ? ^ ^ 

without the radical Sign is 3 " .*■".. w. 

The rabiottal Quantity fw fquared is - » • ^- )Ar w 

Thefe beiSng multiplied the PrOduft is ? '^ mmz—m mx 

the Square required j ' " .. 

- - - Exam, 4. EoCam. 5." ** 







Raife to the Square Zy/^4"^ -v^/^ — d dy^z-^y 
The Square zxa^zzn xxi^^xxd- ddz'^dMy 



Exam, . 4. The Surd Quantity y^a + « 1 ^ ^ a '4- « 

without the radical Sign is 3 

The rational Quantity «. fquared is • - * ■ Z^X 

Thefe being multiplied the Produdt-i •■ ^r^^i^^^il 
js the bquare required 3 

£a'^;«. 5^ The Surd Qtfantity y/^— ^ ? ^ ^ r_ j 

without the radical Sign is 5 * * 

• 7^he» rational Q^iantity ^ iquared is - - icx 

Thefe feeing multiplied the Produft \ k j 

iV Che Square requircid ' 5 - " ^^^-^^^^ 
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Bxdm. 6. "The Surd Quantity x/a+J'l. . a + y 

without the radical Sign is 3 * -^ 

The rational Quantity i fquared is - d d 

Thcfe Milg multiplied the Produdt ? . ///« 4* rfrfy. 

is the Square required ^3 t r 



Raife to the Sljuare j\/a-^n n^a + d ^\/f — ^ 
TheStiusNce yy^ — >^^ nna-\-nnd ddp*^dd% 



Raifc to the ^are i\/p — r . d^e-^y ^s/^-^ 

TheSqu^e eep-^-^egr dde-^ddy %zn'^z\iiy 

4j» Cafe 3. But if theitr ire rational Quantities ^onne^ed 
vithtWSurd Quantities by the Signs --(^^01 -*^, theyafiiin- 
volved Ta TfiF^me M^tip^r as compound. Q^ianticies, at AycjL 32. 
oar^filHy ''dbfe'rving tbe.'^Dif^^ions > cortcevning the MuitipU^ 
cation of Surd- Quantitied^ SLt^u 40w andrtlieir involution at 
Art;'4.V • .- .: V ■ .-•-..-- 



. # ; * w- V .• 



To raife to the Square or fecond Power - • ^ +v/* 
. Putting: down again the fame Quantity. ■=- ■ - * ^^-jry/^ 

The pjodu.<5t frooi multiplying a 4* \/i hf a.,'^ 
fer « mul t ipl ied by a^ the Produd is aayZn6.^hjL aa'\^a^b 
multj^Iie]! by.ii, the Prqduift is a^b^ by Art.. 40, b 

Tfic'ftocL.yrom multiplying j+v/* ^f \/^> ^^^^ 
a nnruWiriittH^ ^b^ the Pfod; is tf y/*, by AYt. 40. C ^^^ -(- ^ 
and y/3 multip. by ^/^j the Prob. is i, by Art. 43. 3 

TljeSiifti is77tf+2^V^3 + *: forj^^-j ""^ 

VjAMi to ^v/i^ is 2/7^/^, by Art. 35. whence \aa^2a ^h + b 

tbc Square oftf + v/**^ J 

■•■■.• 4 

-■-■»' • 

TojrtiMc to the Square Or fecond Power - - rf-|-^z 
Putting down again the fame Quantity - - d^-^x 

The ProduA from multiplying d-\'y/% by ^/, 7 , , , " 
by what is mentioned in the laft Example is J ^^ +tfn/2 

The Produft from multiplying ^Z+^/s: t>y I , ^ 
v/i^f &y wjiat is mentioned in the laft Example is J ^s/^ + ^ 

Tfe Sum added as in the laft Example is ^ , ," 7~3 ! 
the Square of ./+v/» ^^rf+2^v/2;+2J 

- Tci 



78. ALGEBRA. 

To raife to the Square or fccond Power - - x^r^y/a 
' Putting down- again the fame Quantity - - » — y/g 

The Prod, from multiplying x-^\/a by jr, for^j ; 
jr multiplied by x^ the Prod, is x x^ and — ^ a l^^,^ / 
multiplied by x^ the Prod, is — xs/a^ by Art. f ^ 

ifi. the Signs of — ^/^ ^"^ •** ^^'"6 ^'^^^^"^ •' 

The Produft from multiplying x — y/a by 
— y/a^ for X multiplied by — v/^> ^^^ Produfti 
is — x^ya^ the Signs being unlike, but — ^tf>-— A-^tf 4"^ 
multiplied by — y/^> ^^ Signs being alike, the*^ 

Produft is y/aa or <j, by Art. 39 and 43 . 

. Their Sum is the Square of *• — \/a xx-^^Xy/a 

To raife to the Square or fecond Power - * /""• V^^ 
^ JPut^ing down ^in the fame Quantity - * 7**^v^^ 
. .The Produa from multiplying jf—v/jr by ;^, ) ^_^ ' y^ 
frpQlwhat is mentioned in the lift Example is J JjT^^* 

' ThiP Product from multiplying y-^x/^ by? / A^at 

— ^A-, from what is (aid in the laft Exampl e is ) 7\<^*r* 

Their Sum is the Square of jr— v^* - yy — %y s/x + x 

To raife to the Square or fecond Power - - h ^^xa 
Putting down the fame Quantity - - - b-^^/xa 

The Prod, from multiplying b -^^xa by b bb+ by/xa 
The Prod, from multiplying i+^/'^'tf by \/xa *by/xa^^xa 

The Sum being the Square of b + ^xa bb-^2by/xa^xa 

* ^ 

.► To raife to the Square or fccond Power - - m+\^Jz 
Putting down the fame Quantity - - - m-^^iiz 

The Prod, from multiplying m-^-^dz by m mm^m^d^ 
The Prod, from multiplying m-^-y/dz by \/d z m\/d%'^d% 

The Sum being the Square of ot+v/^z ^ m-{'^my/d%*\'dz 

To raife to the Square or fecond Power - - z — ^dn 
Putting down the fame Quantity . . • x-^-^y/dn 

zZ'-^Xy/dn 
'-^%y/dn'\'dn 

The Square of JS—^</« - - ~%^^%y/dn^dn 

To 
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To raite to the Square or fecond Power - ^ — y/ y z 
Putting down again the fame Quantity - * P — \/y^ 

PP—Ps/y^ 

— p y/j^g +;^g 



The Square of ^-—^^r a - - pp — 2p\/yz-\*y% 



Of EQ^U A T ION S. 

HAVING thus copioufly explained all the Rules necefTary 
to be known in order to the Solution of Queftions, we 
come now to their Ufe and Application in the Redufiion of 
Equations, or the Method by which Problems are folved, and 
Queftions anfwere^. 

When any Problem or Queftion is propofed to be anfwered 
jtlgibraicallyj for the feveral Numbers that are i(i the 
Queftion we generally put Letters, reprefcnting likeWife the 
Numbers which are to be found by Letters, and for DiftinAion 
Sake ufe tb^ Vowels for the unknown Numbers, and Confonants 
for thofe that are known. 

Then we begin to exprefs all the Conditions of the Queftion, 
by ranging and connecting the Letters, by Help of the fore- 
going Signs, in fuch a Manner that they (hall reprefent all the 
Circumftances of the Queftion, this being only to tranflate the 
Queftion from Englijh into Algebra, 

Thus if the Propofition, that 6 being added to 5, the Sum is 
equal to j i, was to be exprefled in Algebra. 
Now fuppofe ^ = 6,; ^ = 5, mz=iii. 
Then the above Propofition will be exprefled thus, b+dssm. 

And when any Letters or Numbers are fo connedled, that 
between any of them there appears this Sign :=, it is called an 
Equation, for the Sign = fignifies Equality or Equation^ and 
in the due ordering and managing thefe Equations confiftis the 
whole of the Analytic Science, or Algebra, 

Equations oonfift of Quantities or Letters, fome known, and 
others unknown, and the grand Work is fo to manage theEqua* 
tions, that exprefs what is given in the Queftion, by the Rules 
of Certainty and Science, that all the known Quantities may 
at laft: be found on one Side of the Equation, and the unknown 
Quantity by itfelf on the other Side of the Equation : For when 
this is done, the Equation is brought to a Solution, aiul the 
Queftion is anfwered. And 
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And. that Part of Algebra which teaches how to manage thefe 
Quantities, fo as to carry all the known Quantities on one Side^ 
kaving the unknown Quantity by itfelf on the other Side of 
the Equation^ is called the Redu5iion of Equations^ which is done 
'hy'jlddition^ Subjira^ion^ Multiplication^ Divijioriy Involution^ 
and Evolution J according as the Cafe requires. 



To reduce an Equation by Addition^ or SubJiradHon. 

46. IT 7 H EN any known T^antities are on the fame Side 
W of the Equation with the unknown Quantity, and 
connefied by the Signs -^ or — , to reduce fuch an Equation is 
only to tranfpofi' or place the known ^antities on the other Siii 
0f the Equation^ tnr Sign of Equality^, prefixing to .them their 
contrary Sign^ that is, thofe ^antities which have the Sign -{r, 
after they are tranfpofed mujl have the Sign — , and thofe which 
biave the Sign — mu/i have the Sign -+-. 

Qucftion I. To find that Number to which 6 being added ^ and 
Jub/iraSiing 1 5 from this Sum, the Remainder may be equal to 11, 

Now fuppofe a = the Number fought, i = 6, i/=:i5,ifi=ii,. 

Then I am to find a Number, which I call i 
'To which 6 or ^ being added, it is by Art. 6. 2 
From which Sum 15 or ^/ is to be fub- 

ftraded, that is, to a -{'b connect d by 

the Sign — , then it is 
Which a + b — d is to be equal to 11 or 



m, that is 



} 



a*^-b==m+d 



Now to reduce this Equation, or to an^' 

fwer the Queftion, I obferve d^ a known 

Quantity, is on the fame Side of the 

Equation with the unknown Qiiantity 

tf, therefore tranfpofe d, that is, write ^ 

down the remaining Part of that Side of* 

the Equation without rf, and place it on 
. the other Side with the Sign-f-, it hav- 
ing before the Sign — , then we have 
Again ^ is a known Quantity on the fame-^ 
, Side of the Equation with a^ then by.tak- / 
f ing it away from that Side of the Equa- > 6|<z=w + rf — b 
'• tion, and placing it on the other Si(ie \ 
■ ^ith the contrary Sign, or — , we have Jj 
? . . Here 



a 
a^b 

a-^-b — d 



a + b — dsssm 



: 
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Here the Queftion is folved, for the unknown Number or 
Quantity /?, is equal to the- Number reprefented by m, added to 
the Number reprefented by rf, from which Sum fubftrafting 'the 
Kumber reprefented by b, 

1 1 reprefented by m 
15 re prefented by d 

26 Sum of the Numbers reprefented by m and d 
6 re presented by by to be fabftraftea 

Remains 20 which is a^ or the Number fought. 

And that diis is the Number required, is thus proved, from 
the Conditions of theQuefHon, 

I iay the Number fought is — — . 

For if to this I add — — 1 — 

The Sum is — — — — 

From which fubftraftmg — - — — 

There remains as the Queftion required — — 



20 

26 
15 



II 



Queftion 2. A Man being ajked how many Shillings he had^ 
faid^ if you add i^ to their Number^ and then fuhjiraii 20 from 
-this Suniy and then add iq to the Remainder ^ I JhaU have 64 
Shillings, How many Shillings had he ? 

Let flzr: the Number of Shillings fought, i =:»I5, d = 20, 
»^=I9, « = 64. 

Then, A Man had a certain Number ? 

of -Shillings which call 3 

To which 15 or i being added we have, 

by Art, 6, 



}: 



\ 



From which Sym taking away 20 or dy 1 
that is, conned dhy the Sign — 3 

To which adding 19 or «w we have by 
Art. 6. 

Which a-^-b — d + m is to be equal | 
to 64 or «, hence 3 

Now to reduce this Equation, or An-" 
fwer the Qi^ieftion : I begin with 
4raD^ofing m -z known Quantity, by 
putting down the remaining Part of V 
that Side of the Equation, and placing ' 
yn on the other Side with the con- 
trary Sign, which gives 

H 



2: 



a +b 

a J^b^d 

a '{'b'-^d -f- m 



6 a ^b—d^s^n — m 



And 
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And to tranfpofe d another kno^wn^ 
Quantity, put down the remaining f 
Part of that Side of the Equation, and > 
d on the other Side with a contrary \ 
Sign, whence we have J 

And laftly by tranfpofing b^ that is, 
placing it on the other Side of the 
Equation with a contrary Sign, we 
have 



8 



a-^b^s^n—m -f-^ 



— m-^-d — b 



That is, if from the Number reprcfented by n we fubftradt 
that reprefented by niy and to the Remainder add the Number 
reprefented by rf, and from this Sum fubftradt the Number re- 
prefented by i, the Remainder will be the Number fought, 

64 reprefented by n 

19 reprefented by fw, to be fubftra£led 



45 or « — m 

20 reprefeoted by //, to be added 



65 or n — m +^ 

15 reprefented by ^, to be fubftradled 



50 the Number fought or a ; and therefore the Man 
had 50 J. at firft, which is thus proved, from the Conditions of 
the Queftion. 



I fay he had at firft — — — 

For if to them you add — — — 

And from that Sum fubftraft — < — 



50 X. 
15 



65 
20 



And then add to the Remainder 
It makes what the Queftion requires 



45 
19 



- 64 



Queftion 3. A Countryjnan ajked another how many Eggs he 
hady why fay 5 he J If you fuhjlra5l 1^ from their Number^ and 
then add 21 to thofe that are lefty andfubftra£f T from that Sum^ 
hut if you add ig to what is then left I Jhall have 43 Eggs. 
How many Eggs had he ? 



Let 



To reduce an Equation, &c. 
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• Let arrz the Number of Eggs, ^=15, </=2i, « = 7, 
«=i9, /> = 43. 



\ 



Now the Countryman had a Num- 
ber of Eggs which call - 

From which 15 or ^ being fub- 
ftraded, or connecting b by the 
Sign — , we have 

To which a^^b. if we add 21 or 
fl, we have by Art. 6. 

From which Sum fubftrading 7 or 7 
»i,orconncSing;72bytheSign — J 

To which adding 19 or », we have 
by Art. 6. 

And this a — b ^d — m-^n is to 
be equal to 43 or p^ hence 

Now to reduce this Equation, or"" 
anfwer the Queftion, I begin 
with tranfpofing n, by putting 
down the remaining Part of that ^ 
Side of the Equation, and n on 
the other Side with its contrary 
Sign; then -r - 

Now tranfpofe ot, by putting down^ 
the remaining Part of that Side / 
of the Equation, and m on the > 
other Side witti its contrary Sign, I 
and we have - - J 

Then tranfpofe dy by putting downl 
the remaining Part of that Side f 
of the Equation, and d on the r 
other Side with its contrary Sign, \ 
then - - - -^ 

X«aftly, tranfpofe by- by putting 
down the remaining Part of 
that Side of the Equation, and 
b on the other Side with its con- 
trary Sign, and it is ^ 



5 
6 



a — b 

a — b^d 

— b ^d-^m 
a — b-^-d — rri'^n * 
a — b-^d — w+«=:^ 



<7— ^ -j-rf — mzzzp-^n 



8 



10 



a — i-j-rf=^— »+z« 



a — b=^p — n'\'m — d 



a^p^^n-^m — d -{-b 



Hence tf, the unknown Quantity or Number of Eggs, is 
equal to the Number reprefented by py fubftradting from it the 
Number reprefented by n^ adding to thisRemaindcr the Number 
reprefented by m, fubftradling from this Sum the Number 

iA 2 reprefented 
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reprefentcd by d^ and adding to this Remainder the Number 
reprefented by b. 

43 reprefented by jl 

19 reprefented by n^ to be fubftradled- 

24. or^ — n 
7 reprefented by w, to be added 



31 or^ — n-^-m 

21 reprefented by rf, (io be fubftradled 

loor^ — «4-;w — d 

15 reprefented by 3, to be added 

^ 25 the Number fought or a ; and therefore the Mair 
had 25 EggS) which is thu^ proved, from the Conditions of the 
Queftion, 

I fay the Man had - - * - 25 Eggs 

For if from them yoa fuBftra£k - - 15 

10 
And to that Remainder add - - 21. 

And from this Sum filbftlraa: - - 7 



24 
And to this Remainder ^dd • - iq 



It makes what the Queflion requires * * 43 

Queftion 4. To find that Number to which 19 bring addedy if 
from this Sum we fubJlraSl 50, and add 7 to the l^''emaindwr\ 
andfubfira^ 60 from this Snm^ and by adding 6 to that Ri* 
mainder^ this Sum may be 7.Q., 

Let a = Number fought, b = 19, d= ^Oy ms:zj^ »=s60f 
^ = 6, ^ = 22. 

Now I am to find a Number ? 

which I call - • J 

To which 19 or i being added, 

we have by Art. 6. - 
From which Sum fubftraAing 50 

or d^ that is, connedling d^ by 



} 



the Sign — , and it is 



a- 

a ^b 

a 4-^ — ^ 



Ani 



To reduce an Equation, fSc. 



Ss 



7 



8 



And to this Remainder adding y 
or my we have by Art. 6. 

Prom this Sum fubftrading 6o 
or fty that is, connedting /7, 
by the Sign — - • 

And to thisRemaindcraddmg 6 | 
or py we have - - J 

And this ^-{-^ — J-\-m — n~}-p i 
is to be equal to 22 or^, hence j 

Now to anfwer the Queftion, I , 
tranfpofe py by putting down } 
the remftiniing Pare of that(. 
Side of the Equation, and p !' 
on theother Side with its con* \ 
trary Sign, hence - - ^' 

Then tranijpofe «, by putting^ 
dovm the remaining Part of/ 
diat Side o/ the Equation, > 
and n on the other Side with \ 
its contrary Sign, then - J 

Tbea tranfpofe w, by putting 
down the remaining Part of 
that Sidd^ of the Equation, > 
and m on the other Side with \ 
its contrary Sign, whence J 

Then tranfpofe dy hy puttingn 
down the remaining Part of/ 
that Side of the Equation, > 1 1 
and ^on the other Side with I 
its contrary Sign, and - J 

Laftly, tranfpofe by by putting 
down the remaining Part of 
that Side of the Equation, 
and b oa the other Side witii 
its CQiatrary Sign, we have 



Sa-^b-^d-^m — n 



F/ 



a + b — d-\rni — «-f")* 



«4-^ — d'\'m'^n=^g'-^p 



<)(t + b — d4"^=^*^^+» 



10 



12 



^ +i — d^=^i — ^^4"^ — ^ 



-f-^=^— '^-|-« — m-^d 



^=i — p^n-^-m-^d — k 



Kencc a the unknown Number, is equal to the Number re- 
prefented by f , fubftraftrng from it the Number reprefented by 
/, adding to this Remainder the Number reprefented by », fuS- 
flra£ting from this Sum the Number reprefented by m, adding 
to the Remainder the Number reprefented by d^ and fubftrading 
from this Sum the Number reprefented by b. 

Q.% the 
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22 the Number rcprefcnted hy g 
6 the Number reprefented by /, fubftraA 



i6 or^ — p 

6o t he Number reprefented by », add 

76 or g — ^ + ^ 
7 the Number reprefented by m^ fubftraA 



69 or^' — ^-|-« — fn. 

50 th e Number reprefented by dy add 

119 or^ — P''\'^ — m'\'d 
19 the Number reprefented by *, fubftraft 

100 the Number fought or «, which is thus proved, from 
the Conditions of the Queftion. 

I fay the Number fought was - - - 
For if to that you add 

And from that Sum fubftraA * •• 

And to this Remainder add • •» ^^ 

And from this Sum fubftradt 

And add to this Remainder » ^ ^ 

It makes what the Queftion r^uires - - 22 

« 

The Direflions to the two following Queftions are not quite 
fo copious, that the Judgment of the Learner may be a little 
more exercifed. 

Queftion 5, A Number of Men were walking on a Bowlings 
Greeny one Man ajked another how many then were^ the other 
repliedy if you fubjlra^ 7 from their Number y and add l^ to 
the Remainder y and fubjirati 9 from this Sumy and add 56 to 
that Remainder y and fubftra5i 2 from that Surriy this will leave 
100. To find the Number of Men on the Bowling-Green. 

Let a = Number of Men on the Bowling-Green, ^ = 7, 
dzni^y gz=:gy z« = 56, nz=z2y pz:i 100. 

I am 



100 
»9 . 


119 

50 
69 

• 7 


76 
60 


16 
6 



To reduce an Equation, &c. 



I am to find the Number of 
Men on the Bowling-Green 
which I call 

From which 7 or ^ being 
fubftra<Sed, which is only 
to connect b by the Sign — 

To which Remainder adding > 
15 or a\ we have by Art. 6.3 

From which Sum fubftra^ting -j 
9 or iy or connecting ^ by S 
the Sign — , and we have J 

To this Remainder adding m 1 
or 56, by Art. 6. - - J 

From which Sum fubftra£iing 
2 or Tty that is, connecting 
n by the Sign — , it is 

Which a — ^ + rf — g'^-m'-n 
is to be equal to 100 or p^ 
hence - - . 

By tranfpofing n we have - 
By tranfpofing m we have - 
By tranfpofing g we have - 
By tranfpofing d we have - 
By tranfpofing b we have - 
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a — b 



8 

9 
10 

II 

12 



a — b + d 

a-^b'{' d — g + »i 

a — b'{' d — ^-f- /»— n 



a — b-\'d—^g'\'m — n=^p 



a 

a 

a 

a- 

a 



'b + d—g + m=:p+n 
'b-\-d — g=zp'\-n — m 
'b']'d=p-\-n — m'\-g 
'b:=p'{'H — m-^-g — d 
■p-\-n — m-^g — d-^-b 



TOO is the Number reprefented by p 
2 or Ny to be added 



102 or/> + « 
56 or »i, to be fubftra<5led 



46 or p-\-n — m 
9 or gj to be added 



55 or/» + » — ;7i+^ 
15 Old, to be fubftraded 



40 or p + » — m +^ — d 
7 or by to be added 



47 the Number fought or a^ for a^^p-^-n — m-^g 
^d+b. 

Now to prove 47 was the Number of Men that were on 
the Bowling-Grecn, let us try if it will anfwer the Conditions 
of the Queftion. 

I lay 



8« 



A LG B B k A, 



I fay the Number of Men were 
For if from them you fubftrad 

And add to the Remainder 

And from this Sum fubftrt£i: 

And add to that Remainder 

And from that Sum fubftradt 

It makes what the Queftion requires 



47 

7 



40 
15 



55 
9 



46 
56 

102 

2 

100 



Queftion ^. J Ptrjon required another to tdl him how many 
Shillings he had, by faying that if to their Number hums added 5, 
and from this Sum fubJiraSing 3, and adding, \b io that Re- 
tnaiaJerj Md from that Sum fiib/lraSiittg 50, and adding 54 to 
that Remainder y he Jhould tfjen have ^'^ Shillings. How many 
Bkillings had he? 

Let a -=2 the Number of Shillings fought, ^:;r5, dszs^y 



The Perfon had a certain 

Number of Shillings w^itcfa 

call . 
Ta which 5 or ^ being added, 

we have 
From which Sum fubft rafting 

3 or d, we have 
To which Remainder adding 

16 or »j, we have 
From which Sum fubftrafting 

50 or », we have 
To which Remainder adding 

54 or py wc have 
Which a-^-b — d-^m — n-\-p 

is to be equal to 43 or q, 

hfioce • - - 
The Queftion .being now ex- 

prcffed in Algebra^ by tranf- 

pofmg pj we have - 



% 



\ 
\ 

} 



2 

3 

4 
5- 



7 



8 



a-\- b 
a + b 
a -^ b 

a + b 



— d 



— d + m 

— d + m — n 
—d+m—n+f 



I 



a + b — d+m-'^n+p^siq 



a + b — d+m — i?=:f -^^Z 



% 



» . - • ■ • 

To reduce an Eqtts^on, fifr. 89 



By tranfpofiiig n we have * 
ISy tranfpofing »..we have - 
By Iranrpoiloj^ d we have - 
iaSSy^ by tranfpoiiiig b we ha^e 



12 



azsnq'-^p-^n^^m'-l^d-^b 



43 is the Number reprefented by ^ 
—54 f rom which fubftradling 5401 py there remains — 11 

— II or q — p 

50 to which — r i, adding 50 or », the Sum is 39 

39'ory-.^ + « 

16 fr om which fubftrading 16 or m 

23 ot q — j^ + « — m 
3 to which adding 3 or rf 

26 or f — / 4" « "^ ''» + ^ 
5 from which fubftra£ling 5 or & 

21 hence 2 1 is the Number finighc ; wbkh is thut pfoved, 

I^y the Perfon had - - 21 Shillings 

For if to them youadd - - 5 

26 
And from that Sum fubfioK^l * - 3 



And to Hiat Remainder add 



M 



39 

And if from this Sum we fubftrad - •» 50 : • 

There itoiains a mgative or - • -— 11 - 
And. if to this Remainder we add - 54 

It naakea what the Queftion requires - 43 ^ 

When a mgafivf Number is to &; fubftradled ffoiii an affirm 
mativi NdmlKr, and the negative Number is greateft, as iii the 
laft Queftion, it is only to take the Difference of the tt^ Num- 
binrs and place the Sign -— before it ; and if the next 'Number to 
be added is affirmativii and greater than the negative Remainder ^ 
tbea it is only fubftrafling the neffattve Remainder from the' 
ttKrmaihH NunAcr which is to be; added^ aitd thil wiU be the! 

' ' ■ .' 

^ . -■• . If 
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If the Learner finds any Difficulty in conceiving this, he may: 
colled all'tfae ^nntf/zV^ Numbers into oneSiim; and all the 
nigativf Numbers into another^ atid fubftradting the Sum of the 
Negatives ftoth the Sum of the Jffir motives y the Remainder IsT 
the Anfwer to the Qucftion; ' * 

, ■ . - • 

In the laft Qneftion, 

The affirmative Quantities 1 q = a% 
or Numbers are - - J » ^ ^"^ 

» = 50 



96 

Sum of the negative Numbers > — 75 .^ 



7.1 'sz a as before 



The negative Quantili«'l ' 1. ^ == r 4 

or Numbers are - - j ^ ^^ 

, .: . — m,= — 16 

— 75 



To reduce an Equation by Multiplication. 

47* In the hft Article, the unknown Quantity was conneded 
with the known Quantities by the Signs -{• ov — only, but it' 
may happen that the unknown Quantity may ht divided hj 
fome known Quantity j in this Cafe, multiply every Part or alt' 
the Terms 0/ the Equation by that known ^antity ; and the Part-^ 
of the Equation containing the unknown Quantity will be 
thea multiplied and divided'by the fame Quantity^ take down 
this Equation, rejeSing the known Quantity from that Pait 
of the Equation where it. both multiplies and divides the im*. 
known Quantity, bv Art. 20. it being in both Dividend: 
and Divifor : atter tnis Equation is fet down, if there is any : 
other Qiiantities conneSed. with the unknown one by t^e Signs 
\ or — , tranfpofe them to the other Side of the E!quation|». 
in the laft Article, by which Method we fiiall have all the; 
known Quantities on one Side of the Equation, and the un- 
known one by itfelf on the other Side, which is the Solution of 
th^ Queftion- 

Queftioa 



PBF ^"""^^1 


To reduce an Equation, G?c. yi ■ • 


Qucftiony. A Gamijler challenging dnoihtr ta play for as many 


> Guineas as ht had in his Hand, the other required to knatn hew 


- many there ^vert, he replied, ifyeu divide their Number by 5 and 


add 19 ta the ^ot'ient, I jhall then have 23 Guineas in my 


Hand. Hbvj many Guineas had he ? ^^^J 


Let a= the Number of Guineas fotight, ^ = 5, rf= igi^^l 


.■ 


Then the Gamefter had a certain Num- 




■ 


ber of Guineas, which call - 


' 


* 


Which being divided by 5 or b, the Quo-? 
ticnt ii by Art. 27. - - S 




a ' 




i 


To which Quotient - if wc add 19 or d,\ 
we have by Art. 6. - - J 


3 


!-+'' 




b 


And this --\-d, is to be equal to 23 or^ 


4 


f+.=„ . 


m, therefore wc have - - -^ 




The Queflion being exprefTed in Algebra- 






by the Equation | + <^ = ffl, in which 






the unknown Qiiantity a being divided 






1 by ^ J now by the Rule, multiply 






?very Part or Quantity in the £qua- 




ab 


. ' tion by h, and in ihW Multiplication, 


5 


-+hd=bm 


multiply only the Numerator of the 




Quantity -, or a by i, by the Rule 




, 


of Vulgar Fradions in Arithmetic, 






then we have . . . J 






Becaufc b is in both Dividend and Divifor" 






of the Quantity f_, hence by the 






Rule, rejecting b from iL only, and 


6 


a + bd=l>m ' 


placing down (he remaining Part a, and 






ail the other Parts of the Equation, 






without any Alteration, we have 






Tranfpofing b d by the laft Article, it) 




a^^l/rr, ^d 


being a known Quantity, then - - Jl' 




N'2 ^*^ 4 



^? 



4J;.QEBR4. 



Here the Queftion is anfwerf^, for a th^ iinknown (^an- 
tity is'^ijual tc the Produ^'bf the two Kumljc^ rcpfefentcd' by 
i and mi fubftraAing frofiijt die Produft'of the two Numhefs 
reprcfeiited'*jrAand'^/ ■' 



. ; 



'The Number reprefented by h is 5, the Number re- 
prefented by m b 23> which two Numbers being multi- ^115 
plied is^^ or *...:/•'. . : ' 4./ - . 

The Number reprefented by ^ is 5, the Number re^ 
prefented by dh 19, which two Numbers being multi- ^ 95 
plied is ^^or ' --.» :- 



. I •. . 



Subftrafting i|^/fp)m brn^ that is, 95 froqfi it|fi leaves 1 ^ 

'Which is the, Number fought, or the Gmn& the Gamefter 
had, and is proyfd from tf?p ^of^tipns pfjtlif.iijgfftioii, tlii»^';* 



T 



I fay the Gamejler had 

For if that Number is4ivid^ .|gr j, the Qjjoti^nt is 4^ 
But if to thif 4 wc add - ' -' 19 



2oGiii0teui 



It makes what t;he Queftiojti requires - ' 23 

Queftion 8. To find ikai. Number which being divided by' }i^^ 
iftothe^otienfive\addQ.i^ and fubjira^ 12, from this Sum^ 
the Remainder nfay'b*^ ei/udt^io i8, ' '' ' ! 

Let i2= the Number fought, A = i5^tf«27, w=s^J3, 



Now I am to find a Number! 
which I call --..'! 4:!? J 



Which being difided by i< gr k^ \ 

we have by Art. 27; • '- J 

» 

To the Quotient 



i^nt pr |. if wc"| 
4/, wC" ' bare by 1^ 



add 27 or 
Art. 6. 
From this Sun? if we fubftraA 
1 3 or w , that is, conneft m 
by the Sign-r, it it w. 

Which ^ + d — w IS by * tjiel 

Qitcilijon to be equal* to 18 f 
or pj hence wc have "• J 



I 
2 



•i I 



a 
b 



311+^ 



7+<— « 



j-fr«/^m = p 



u 



The 



To reduce nn Equation^ &c. 

The Qucftion being now ex-' 
prdTed in Mgtbra by ihis E- 

quation — \-d~-m:=-Pi and 

the unknown Quantity tf being > 6 tX-X-db — 
divided by b, multiply every '■ 

Part of (he Equation by b as in 
the lall Qiieflion, and then we 
have - - - . 

Becaufe b is in both Dividend' 
and Divifor of the Quantity 
— , rejefl i from this Quai 



tity only as in the laft Qiieflion, 
place down a aad the remain- 
ing Quantities in the Equation 
without any Aheraiion, then 
we have ■ — 

Becaule mb is a known Quanti-" 
ty, tianfpofe it by the Direc- i _ 
lions in the laft Article, and i 
we have 

Becaule db is 2 known Quanti- 
ty, tranfpofc it by the fame 
Dirciiions, and we have 



9*" 



7tb=pb 






■■\-db=pB-\-mb 



b+mb.—4k=:^ 



Now a the unknown Quantity being by itfe!f on one Side of 
the Equation, the Quellion is folved ; for a, the unlcnown Quaaf 
tity, is equal to the Produfl of the two Numbers reprefented by 
f and b, added to the Produdt of the two Numbers reptefentcd 
by m and b, fubftrading from this Sum the ProdutSl of ths 
Numbers reprefented by the two Letters d and b. 

The Number reprefented by p is 18, the Number re-'^ 
prclentcd by £- is 1 5, the Produdl of thefe two Numbers > 270 
is pb or - - - - - 3 

The Number reprefented by m h 13, the Number re- t 
prefented by bis 15, the Product of ihefe two Numbers > 195 
isn^or- - - - - J 

The Sum ii pb+ mi ot • - - 465 



^ 



., \ 
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The Number rcprcfcntcd by d is zy, thfe Number^ 
Tcprefented by h'\% 15, the PrcJAuft of thcfe two Num- L j-^^ 
bers is 405, which being fubftra^ed from, the Sum off ^^ 
the other two ProduSs - - - J 

• Leaves fh^mb — dh or tf ' - • - 60 

'Therefore 60 is equal to \a^ or 60 is the Number fought, 
^hich is thus proved from the Queftion. 



I fay the Number fought is 

» - ■ 

For if chat is divided by .15 the Quotient is 
To which Quotient, Qr 4, if w^ add 

The Sum is . * 

And if friQim this Sum wie fub^radt - 

There remains what the Qucftibn requires 



60 



4 

27 



31 
13 



18 



Queftion 9, A Man being 'ajked hm) many Shillings he had^ 

replied^ if you divide the Uumber I have by 25, and fubftraif 3 

from the ^otient^ and then add ^i to this Remainder ^ andftom 

their. Sum fubjlra^ing 40, I Jhall have 12 Shilling left. Haw 

many Shillings had he ? ' «; » 

Let j=: the Number of Shtllinp the Man had, ^1=^5, 
^ =^3^ .^^ -j-r, j^ £= 40, z =3 1 2, 

Now the Man had a certain 
, Number of Shillings which] 

^'^caii • -1 - ■ ■ . . • •; 

Which being divided by 25 otl 
'■;^i wehave'by;Art. 27. . -... j 

F^ronn. t^e Qvotient; or •., if 

b- 

we fubftra(5l"3 or d^ that is, 

connecting d by the Sign —^ 
To the Rem^^fAdiir adding 5 1 or kif 

y^e have by Art. 6. - ' ' 
From' which fabftracSing 40 or 

p^ that 18^- dirinefting p by 
: the Sign —*',wi^ have 

Vfhkh f^ — d+m—p is by 
' '. ^ - 

the Queftion, to be equal to 

- 12 or z, hence we have 



4.. 



if 

a 

J 



f-i 



~ — d -^m 
b ^ . ' 



- —d-\-m—f = » 



The 



To reduce ;an :^]Equatioo, &c* 

The Queftion being now ex 7. 

prefled in Algebra^ ; and , tlie 

unknown Quantity a being 

divided by b^ multiply every V 

Quantity in the Equation by 

by as in the two laftQueftions, 

then we have - - .. 

And rejedling b out of the Quan-^ 

tity — ^^^7) becaufe it is 

in both Dividend and Divifor^ V 8 

and fet down the reft as in 

the two laft Queftions, we 

have - - - 1 

Becaufe ^ ^ is a known Quantity, 

tranfpofe it by Art. 46.. and 

we have - ^ . 

Becaufe mb is 2l known Qqan- 



95 



lan-.Y 
tity, tranfpofe it in like Man- ^ 
ner, then we have - - .-/ 

Becaufe ^^ is a known Quan- 
tity, by tranfpofing it we 
have - • - 



— — db-^mb^b^zb 
b 



a — /ib'\-mb'^b:=zb 



10 



II 



a — db-^-nrb z=zzb+pb 



a — dbz=zzb+pb — m^ 



a=zb +p b — m b-^db 



Now It appears the unknown Quantity, or//, is equal to 
the Produft of the two Numbers reprefented by z arid b, added 
to the Produft of the two Numbers reprefented by p and b, 
fubftrading from this Sum thc.Produd of the two Numbers re- 
prefented by m and ^, and adding to this Remainder the Pro- 
dud of the two Numbers reprefented by d and b. 

The Number reprefented by z is 12, and that hy b} 
is 25, the Produd of thefe two is z^, or - - J 3^^ 

The Number reprefented by p is 40, and that by ^ ? 
is 25, the Product of thefe two is/^^, or - - > ^^^^ 

The Sum is zb-^pb^ or - - - 1300 

The Number reprefented by »r is 51, and that by ^^) 
is 25, t^ ProduA of thefe two is ;7z^, or - - S 

Which being fubftradcd from the Sum of the other J 
two, leaves z^-|-^^ — mbyor - * 3 

The Number reprefented by d is 3, and that by b\ 
is 25, the Produft of thefe two is dby or - - J 

Which added to the laft Remainder, the Sum is \ 
zb+pb—mb + db^ Qta . . . J ^^^ 

Whence 



127s 

as 

75 



•1 
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Whence the unknown Quantity a^ or the Number of 
Shillings the Man bad is 1009 which is thus proved, from the 
Conditions of the Queftion. 

Shillings* 

I fay the Man had <- • « ^ « 100 

For if that Number is divided by 25, iihe Quotient is 4 



From which Quotient if we Aibftraa 

Remains - » « 

To which adding . . «. 

The Sum is • •. • 

From which fubftraAing 

There remains what the Queftioii requires • 



I 

51 



12 



Queftion lo. A Country Sirvsnt^ who undtrftooi Algebra, 
wa$ ajked by his Mafter bow many Cows tbire wen in the fiM^ 
bt replied^ if you add i^to tbiir Number^ and divide that Sum- 
by 8, and then add 19 to the Quotient ^ and fubftraSi 11 from 
ibis Sumy tbere will be 12 Cows/efi. How many Cows were 
tbere? 



\ 



7. 
3 



Let tf= the Number of Cows, ^ = 13, ^=8> m 
/ = ii, x:=zi2. 



Now there were in the Field a 

certain Number of Cows which 

Icall 
To which 1 3 or ^, being added ) 

we have, by Art. 6. - J 
Which a + b being divided by 

8 or dy we have by Art. 28. 

To which if we add 19 or m, we 
have by Art. 6. - - 

From which if we fubftra A 1 1 *> 
or/, we have by conneding > 
p with the Sign -* - J 

Which 1+i + w -,/ is by the 

Queftion to be equal to 12 or 
or, henof wcfaavo 



= I9« 



a+b 

a+b 

d 
a+b 

d 

a + b 



+m 



+ «— ^ 






Becauit 



To reduce an Equation, &c. 

Becaufe a J the unknown Term,' 
is Part of the FraSion ^it. 
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which IS divided by </, there- 
fore multiply every Quantity 
by ^/, and, in multiplying K 

' the Fradlion, multiply every 
Quantity in the Numerator 
only by d^ according to the 
Rule of Vulgar Fra(5Hon8 in 
Arithmetic, and we have - 

Becaufe dU In every Term oF 
the Dividend and Divifor of 

the Frafiion t—L — re- 

d 

jea ^, from 2£±ii only, r 

.d . 

by Art 22 and 24, and fet 

^ down all the reft as before, 
then 

Now begin to tranfpofe pdy it 
being a known Quantity, 
then we have 

Becaufe md is a known Quan- 
tity, therefore tranfpofe it, 
and we have 

Becaufe ^ is a known Quanti- 
ty, therefore tranfpofe it, and 
we have 



ad + bd 



'^md'^pd=:xa 



8 



a'{'i'-\-md^^pdssx4 



ic 



II 



a-^'b'^mdi^xd+pd 



a'{'b=xd'\'pd — md 



azsizxd-^pd — md'-^b 



k By this It appears that ^, the unknown Quantity, is equal to 
the Product of the two Numbers reprefented by x and d^ added 
to the Produfl: of the two Numbers reprefented by p and dy 
fubftrading from this Sum the Produd of the two Numbers re- 
prefented by m and d^ fubftrading ftill from this Remainder the 
Number reprefented by b. 



The 
and d 



; Produft of the two Numbers reprefented ''X * 1 q^ 

\%xdy or — — — J ^ 

The Produdl of the two Numbers reprefented by ^ ) gg 
and d is pd^ or — — — — 3 

Their Sum is xd-j-pd, or — — • 184 

O Tbft 
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The Produfl: of the two Numbers reprefented hy ml .^ 
and d is mdy or - - - - J_ ^ 

Which fubftraded from the Sum of the other two ? 

Produ£ts, there remains ;r</+^^ — ^^ " - j ^ 

From which fubftracSing the Number reprefented by b 13 

The Remainder is ;irrf-}-/>rf — md-^-^b, which is equal } 
to a J or the Number fought • - - ■• J • 

And that 19 Cows were in the Field, is thus prpved from 
the Conditions of the Queftion. 

I fay the Number of Cows were - - - 19 
For if to them we add - - - • 13 

3^ 



And divide that Sum or 32 by 8, the Quotient is 4 

To which Quotient if we add - - - 19 

The Sum is - - - - - 213 

From which Sum fubftrafting - - - 11 

There remains what the Queftion requires - 12 

Queftion ix. Two young Gentlemen were dtfputing how many 
Men were at a public Diverjion^ but not agreeingy they referred 
it to a third Per/on^ who^ being Jkilled in Algebra, injlead of a 
direct Anfwer^ replied^ that if you fubJlraSf 11^ from their 
1^ umber y and divide this Remainder by 50, and add 39 to that 
^otienty from which Sum fubjir ailing 16, and adding 68 U 
this Remainder y this laji Sum will be equal to loi. How many 
Men were there ? 

Let a-zz the Number of Men fought, i= 115, r =7509 
</ = 39, «= 16, ^ = 68, ^= loi. 

There were a certain 1 

Number of Men, which \ 

I call - . > 

From which 115, or ^, be- ? 

ing fubftraftcd, we have I 
Which Remainder of a — b^ 

being divided by 50, or 

r, we have by Art. 28. 
To which Quotient if we | 

afdd 39, or rf, we have J 

Frooi 



a~b 
a — h 



iZl!+i 



To reduce an Equation, ^c. 
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From this Sum if we 
fubftraft i6 or », we 
have 

To which Remainder if we 
add 68 or^, we have 

Which tl^+d—n+p 

by the Queftion, is to 
be equal to loi or a*, 
hence 

« 

Becaufe a, the unknown' 
Quantity, is Part of 

-^ , which being di- 

vided by c, therefore f 
multiplying every Quan- 
tity by ^, as in the laft 
Queftion, we have 
Bceaufe c is in every Term" 
of the Dividend and Di- 

vifor of — m — rejeft 

r, as in the laft Que- 
ftion, and fet down all 
the reft as before, and 
we have 

Now tranfpofe cp, it be-^ 
ing a known QJuantity, V 
then it is - - j 

Tranfpofe en, it being a 
known Quantity, and 
we have 

Tranfpofe c d^ it being 
a known Quantity, and 
we have 

And tranfpofing b^ it being > 
a known Q^iantity, we / 
have ^ * ^ J 



CI -_. -j-^— ^ 

C 



8 



ic 



II 



a—h 



l + d'-n+p 



a—b 



+^"!r»+^=^ 



ca — cb 



+ cd — en -^cp^ex 






12 



^3 



a — b'\'cd — cnz=cx^^-^cp 



a — b^cd^=^cx-^cp'\^cn 



b^^cx-^cp-^-cn-^cd . 



a=:cx — cp + cn — cd-{-b 



Hence it appears that a^ the unknown Quantity, is equal to 
the Produft of the two Numbers reprefehted by c and x^ fubftracfl- 
ingfrom it thePxodufl; of the two Numbers reprefented by rand^. 



•^ \ 
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adding to that Remainder the Produft of the two Numbers rct 
prefented by c and «, fubftra<5ling from this Sum the Produfl 
of the two Numbers reprefented by c and dy and adding to this 
Remainder the Number reprefented by b. 

The Produfl: of the two Numbers reprefented by r ) 

and ji? isr;r, or - - - J ^ ^ 

The JProduft of the two Numbers reprefented hyc\ ^aqq 

zttAp is cp^ or - - - - 3 ^^ ^ 

The Remainder is r A?— r^, or - - 1650 

The Produft of the two Numbers reprefented by ^ ? g^^ 

and w is r», or - • ' - J _.«.— 

Which added to the laft Remainder, the Sum is \ . 

IX — cp-^-cn^ or - - - j ^^ 

' The Producft of the two Numbers reprefented by ^ 7 roro 
and.^/isr^, or 1950, which being fubftraded - S 

The Remainder is ex — r^-f-rw — cd^ or - 500 

Adding the Number reprefented by ^, or - 115 

TheSum isrA'-^r^ + ^« — cd+by which is equaH ,^ 
to ^, the Number fought - - J ^ 

r 

And that there were 615 Men is proved from thp Condi- 
tions of the Queftion, 

Men# 
I fay there were - - - 615 

For if from them we fubftradl - - 115 

Remains - - - - 500 

And divide the Remainder 500 by 50, the Quotient is 10 
To which adding - - - - 39 

The Sum is - • «- - 49 

From which fubftra^ling - ^ - 16 

The Remainder is - - - "33 

To which adding - - ^ - 68 

There remains what the Queftion requires * - loi 

Queftion 1 2. There is a certain Number to which 9 being added^ 
and dividing this Sum by 5, if from this ^otient we fuhjira£i 6, 
and add 10 1 to the Remainder ^ from that Sum fubji railing 10 
thirc remains 97, IFhat is the Number ? 

Let 



To reduce an Equation, &c. 5o# 

Let tf= the Number fought, A =9, ^=5, rf=6, ws=ioi, 
/=io, x=97. 

Now I am to find a certain 7 

Number, which call j 
To which 9, or *, being ^ 

added, we haye by Art. 6^. j 

This being divided by 5, 
or r, we have by Ar- 
ticle 28. 

From which fubftradting 6, 
or rf, we have 



} 



To which adding loi, or 7 
/w, we have by Art. 6, J 

From this fubftrafting 10, 
orp, that is, connedting 
p by the Sigri — , it is 

Which d:i—^+;7i-)> 

is to be equal to 97, or 
;!r, . hence 
The Queftion being thus 
exprefled in Algebra^ be- 
gin and multiply by r, 
for the Reafon in the laft 
Queftion, then we have 

Reje£ling c from . ^ ' — , 

• c 

and fetting down the 

reft as before, then 
Now tranfpofing c p^ it 

being a known Quan- 
tity, we have 
Tranfpofing cm^ it being 

a known Quantity, we 

have 
Tranfpofing cd^ it being 

a known Quantity, we 

have 
Laftly, tranfpofing *, it 

being a known ^Quan 

tity, we have 



4 

5 



a -At h 
c 

a + h 



:—d 







•} 



c 
a + b 



'd^^m 



—d+m^p 



a + b 



-^d+m^^pzsx 



^ ca + cb , , 

10 — ! — ^^cd+cm-^cp^sz 



ex 



II 



12 



13 



14 



15 



^+J — cd+cm — cp=cx 



a + b-^cd + cm^szcx-^-cp 



a + b—cd=:cx+'Cp 



•cm 






a + b^cx+cp-^cm^l^cd 
a=^cx + cp^cm^cd^-^i 

The 
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The Algebraic Operation being finifhed, the Numerical Work 
Is thus. 

The Produft of the two Numbers rcprefentcd by c andl ^ 
X IS ex, ox - - - - jt5 

The Produ<a of the two Numbers rcprefented hy^c and ? 
^ is f ^, or • - - - ^ V 

The Sum is r^ -f"^^, or - - 535 

The Produft of the two Numbers rcprefented by c and \ -q- 

mh cniy ox - - - - S ^ ^ 

Subftraflihg, the Remainder is r a? + r^ — cm, or - 30 
The ProduS of the two Numbers rcprefented by c and 1 ' 
d^h cd, ox -^ - - - J ^ 

Adding, the Sum is r;ir + fp— r»i-|-f</, or - 60 
The Number rcprefented by b is 9, fubftrafting - 9 

The Remainder is r.;f + rp — cm'\'cd — i, which is/ 
equal to a^ ox the Number fought « - S ^ 

And is thus proved from the Conditions of the Queftion. 

I fay the Number fought is - - - 51 . 

For if to this we add - - - 9 



The Sum is - - - - 60 



Which Sum, or 60, being divided by 5, the Quotient is 12 
From which Qiiotient if we fubftrafl: - - 6 

The Remainder is - - - - ^ 

To which adding • * - - loi 



The Sum is - - - - 107 

From which fubftra£ling - • - , 10 



There remains what the Queftion requires - 97 

* 

To reduce an Equation by Divifion* 

48. In the laft Article the unknown Quantity was divided by 
a known Quantity, in the Equation that arofe from the Con- 
ditions of the Queftion ; in this Article the unknown Quantity 
will be multiplied into a known Quantity, in the Equation that 
arifes from the Conditions of the Queftion ; when this happens, 
divide ever^ ^antity on both Sides of thl Equation, by the fame 
known, ^antitj into which the unknown S^antity is multiplied, 

then 
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then you will find the unknown Quantity to be multiplied and 
divided by the fame Quantity ; now place down this Equation^ 
rejding only the Letter from that Quantity, where it multiplies 
and divides the unknown Quantity as in the laft Article ; then 
tranfpofe the Quantities as before, but if there t^t none to be 
tranfpofed the Queftion is folved. 

If any Quantities are connected with the unknpwn one by 
the Signs + or — , it will be mofl convenient for the Learilerr 
to tranfpofe them before he begins to divide by the Rule jufl 
given. 

Queftion 1 3. >^ Perfon required another to tell him h^w many 
Shillings he had^ iy f^ing that if their Number was multiplied by 
13, and if from that Product was fuhJiraSied 25, he Jhouldthen 
have 170 Shillings, How many Shillings had he ? 



Let a = the Number of Shillings the Perfon had, i = I3|^ 
rfz=25, m — ijo. 



I 



A Perfon had a certain Number of 
Shillings, which I call 

Which multiplied by 13, or ^, we 
have by Art. 9. - 

From the Produd, or h a^ if we ftib- 7 
ftra<5l 25, or ^/, we have - J 

Which Remainder ha — d is by the 
Queftion to be equal to 170, or »i, 
hence - - - 

Becaufe d is on the fame Side of the 
Equation with the unknown Quan- 
tity, and conne<5ted by the Sign — , 
therefore tranfpofe rf, then 

There being no more Quantities to be' 

tranfpofed, and the unknown Quan- 

. tity being multiplied by h^ therefore 

divide both Sides of the Equation by 

b. Now ba divided by b gives 

— ?, and f?2-f-rf divided by ^, gives 
b 



m + d 

b 
)iave 



by Art. 28. therefore we 



8 



a 

ba 

ba 



— rf 



b a^'^dzstn 



ba:ssm+ d 



ba m 



+ ii 



fiecaulf 
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Becaufe i is in both Dividend and" 



Divifor of the Quantity — , reje<5l b 

b 

by Art. 20. and putting down the 
other Quantities without any Altera- 
tion as in the foregoing Queftion, we 
have - - - **" 



> 



10 



^rn + d 



a = 



From hence it appears that <7, the unknown Quantity, is 
equal to the Sum of the two Numbers reprefented by m and d^ 
divided by the Number reprefented by b. 



The Number reprefented by ;« is 
The Number reprefented by d is 

The Sum is w + J, or - . 



170 
19s 



And dividing 195, or w + rf, ^^y I3> ^^ h the Quotient is 



^+ d 



, or 15, which is a^ or the Number fought* 



The Truth of which is thus proved from the Conditions of 
the Queftion. 



I fay the Perfon had 

For if that is multiplied by 



The Produft is 

From which fubftraAing 



15 Shillings 
13 



45 
IS 



-95 
-5 



There remajns what the Queftion requires - 170 



Queftion 14, A Butcher feeing a Drover going to Market with 
a Number of Sheep^ ajked how many there were ', the Driver 
not being dijpofed to inform him, anfwered, if you multiply their 
Number by ^^ and fubftraSi 157 from that ProduSi^ and add 
168 to this Remainder J I Jhall then have 2oco Sheep. How 
many Sheep bad. he ? 

Let tf = the Number of Sheep, ^ = 9, ^=157, ^=168, 
f = aooo. 

Then 



r. 



To teducc an Equation) G?r. 105 



The Dfovcr had a certain Number 7 I 

of Sheep, which call - - j | 

Whkb ■ multiph'ed by 9, or b^ we 

hiive by Art. 9, - 
Frbm.tJle ProduS fubftrafting 157, or 

^9 thab is, conneding d by the 

Sign — , we have 
Ta iffhich Remainder adding 168, or 2 

«, we have by Art. 6. - J 

this ba-^d'\-m is by the Queftion 

to be equal to 1000, or /, Ijence 

we have - - 

Now according to the Rule begin with ) 

tra^ifpofing /«, and we have - ) 
Tficii tranfpofing d^ we have • 
The Quantities being all tranTpdfed 

that were connefled by the Signs + 
. pt — ;, and the unknown Quantity 

being multiplied by by therefore by 

the Rule divide both Sides of the E- 

quationby by but bM divided'by b^ f 

gives — , and p — m + d divided 

b 
*f *» gi'M ^H-Sif , by Art. a8. 

Jbooe we have 
RcgeAing b itcm^ the Quantity 



I a 



ba 



ia — d 



6 

7 



8 



ba 



becaufe it is in both Dividend and 
Pivifer, •and placing down the re- 
maining Parts of the EquatiaoJWith- 
out any Alteration as before, we have;. 



ba — d + m 

ba '^d^ m^=zp 

ba — d^^p — m 
bazzp — m + d 



ba p — ;CT-|,£f 



p — m + d 
b^ 



The Algebraic Work is now finUkied, for the' unknown 
Quantity ^ is on one Stde of the &iuation by itfelf, and it 
appears equal to the Number reprefented by py fubftraAing 
from it the Number r^prefentied by m, adding to this Re* 
mainder the Number reprefented by dy and difiding this Sum 
by the Number reprefented by b^ 



The 



\ m f • , , • • 

The Number reprefentcd by > is , . . - . ^ ?Q<X> 
From which fubftrading the Number repre(ented by 7 ,68 
«• which is - - - ' - 5 . ' 

There remains )>—^, or .. - - - ..183a 

To which adding the Number reprefentcd by d • • ^57 

TheSum is^— ^m + ^» or - - ^ ^9^9 

■ 

And .dividing this 1989, or p'-^m + d, by 9, the Num- 
ber reprefentcd Sy *, the Quotient is^T^"^ , or 2ii, wfatch 

is aj 6r the Number of Sh6ep* the Drover had s and is proved by 
the Conditions of the Queflion thus. 



I fay the Number of Sheep were 
For that being multiplied by 

The Produdl is - i- 

From which fubftrading 

There remains . • - 

To which adding. , - 

The Stm> h what the Quefiion requires 



221 

3L 



1989 



1832 
168 



- 2000 



Queftion' i^. A Man being ajked what be gave for his Horfe^ 
itnfwered^ if you multiply the N^nber ofTounds I gave by 5, eit^d 
then add i$ to this Pf^^odu^^ and from thai Sum fubJiraSi 50, 
4ind to this Remainder adding Z5, from which Sum jubJiraiHng 
15, this Remainder will be equal to 8cu What did he givi fft 

hitHnrfe? 

■ . > 

Lcftf = what he gave for the Horfe, i^S^ ^==->f5» 
/•=50, ^=25, ms=:i5, ;r = 8o. 



} 



The Pcrfon gave for the Horfcl 
- aceirtainrSom, which I call S 
Which multiplied by 5, or b, we 

have by Art. 9. 
To which Produd if we add ) 

15, or dp we have by Art. 6* ) 
From this Sum fubftrading 50, 

or Cy that is, connedUng c by 

the Sign — , we have 



2 
3 



• V 



k a -\- J — e 



T« 
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To which Remainder adding 25, 7 
. or^, we have - - 3 
Frodi which Sum fubftradingj 



15, or m^ we have 



J 



Which ia+d — c+p-^m^ 
is bv the Queftion, to be ( 
equal to 8oy or x, hence we ( 
have • . J 

Now^ tranfpofing m, we have - 
And tranfpofing p^ we have 
And tranfpofing c^ we have 
And tranfpofing dy we have - 
T^bc Quantities connedied by" 
the Sisns + or '— , being 
now ail tranfpofed, I obierve 
the unknown Quantity to 
be multiplied, by bf - there- 
' fore divide every Term on 
both Sides of the Equa- 
tion by b. Now dividing I 

*<i by *, it is — , and 

dividing **■+»» — p+^—d by 
iy we have ^Lj12L — titl — , 



as in the foregoing Queftions^ 
hence we have - '- 
Reje^ing b from, the Quantity" 

^, becaufe it is in both 
b 

Dividend and Divifor, and 
placing down the reft of the 
Equation without any Al- 
teration as before, and we 
have - * . - 



> 



8 h(i'\'.d — ^'¥pr=^.'\'^ 

9 ha\-d — c=iX'\'m — p 

ba'^d=X'\rmr—p+S 



ic 
iij 



12 



■ -^ « • » ■ 



ba , x^m — p-^c^^d 



13 



X'^m—^p + t—'d 



%» 



That is, a^ tlie unlcnown Quantity, is equal to the Nuinbor 
reprefented by Jr, added to the Number reprefented by /«, fub- 
ftradling from their Sum the Number reprefented by p^ adding to 
this Remainder the Number reprefented by c^ fubftra£^}ng from 
this Sum the Number reprefented by d^ and dividing, tl^s Re- 
mainder by the Number reprefented by ^. 

P 2 "^^^ 



jq8 4't,G E^B.R:4' 



. r 



7«« 



Now. x\% - . - . "^ . - 80 ' 

To which adding !», or : - - r 1^5 

The Sum is a? -|- w, on ' •? - . - 94 ; 

From wl^tch fubftrifling /^ or »< -^ \s^5 

There remains jr-j-w-T^, or '• . • 70' 

To which adding r, or - - - 5a 

The Sum IS 4? + ^ — ^ + ^> ^ - -- 120' 

From which fubftraftinj dj ox - - *^5 . , 

There remains jr-f-i«—^+^ — ^, or - - 165 

Now dividing this 105, orar-J-»i — p-^c — d^ by ^9; .095^ 
the Quotient is ^"^^"^"h^" , or 21, which is eqti^ to Vii 

or Number of Pounds the Hcirfe coft« . 



X 



Which is proved froni the Conditions of the QuefHpnt 
thus, 

I fay the Horfc coft - - . - li Founds 

For if that is multiplied .by - . - 5, „ 

The Produft is - - - 105 . . .. ■ 

To which adding - - ' - 15 ' ' ' 

The Sum is - - - 120 ' 

From which fubftra<Sin( - . . - 50 

There remains - , - - . 70. 

To which adding * - - 25 

The Sum is - • - 95 

From which fubftractinj - - . 15 ' "^ 

There remains what the Queftion requires - 80 

Queftion 16. There is a certain Number which being multipUid 
by Tj if from this ProdttSf we fubjtra^ 21^ and to this ReauuH'^ 
der add 11, and from this Sum fubfiraSl 23, and add t$ 
this Remainder 33, this laji Sum luill be 710. What is. ibe 
Number ? 

■ * • 

Let d = the. Number fought, ^=7, dsszj^ x^t il^ 

^==2^1.^ = 33> rzzrziQ. 

Now 



f^ 



To reduce an* Equatioo, &c. i^f 






5 
t 



Now there is a certain Number ^ I 
fought, which I call - S 

Whkh multiplied by 7, or b^X 
we have hy Art. q. • S 

Froai w^ich fubftraaing 21, or 

- di that is, connefting d by 
the Sign — , we have 

Ta this 'adding 11, or Xj we 
have by Art. 6. 

From which fubftrading 2}, or 
fj that is, conneding c by 
lim Sign^— ^ we have - J 

T^wEibh adding 33, or^ wc^ 
have by Art. 6. - - J 

And tbi» ta — d + x-^c-^p^ 
js by the Queftion to be I 
equal- to 210, or r, hence f 
we have - - J 

The Queftion being now ex--^ 
prcfled in Algfbra^ begiu the / 
Solution by tranfpofing^, and c* 
then we have - - J 

Tran0)ofing c we have 

Tranfpofing x we have 

Tran^oTing d we have 

All. the Quantities beiilg nowl 
traofpofed that were conne£t- 
cd hy the Signs + or — , 
and the unknown Quantity I 
being multiplied by b, di- V 
viding: every Term, or both 
Sides of the Equation by bj 
as in the laft Example, then 
we have 

Nqw reje^ b out of the Quan-" 

ha 

titjr — .-, becaufQ it is in both 



'«• 



b a 



iba — d 






bit^dJ^;^ 



ba-^d + x^^c 



I • ■ 11 



A ^ „. 



« I 



•\ ■■'} 



bd'^^d^x'^^c+p 



■\-\ 



1*1 • 



v.k 



8 



9 
10 

II 



12 



Dividend- and Divifor, and 
ieftihg down the remaining 
Parts of the Equation, as 
in the laft Queftion, and we 
b«vc - - - . 



ia 



-'\ 



r-4-^= 



ba-^d+x — csst"^ 

I : 

l^it — d'^Xs^T'^p'^'^C 

ba — d=r — p-^-c^v^^ 
ba^r-^p-^-i — X"\^d 



b b 



13 



I 



Kow 



%i6 '-•'•■■ JfLG E B R A. ^ 

To find what a is in Numbers. ^ . . .. ■ 

.* 

The Number reprefen tod by r, is - - " '2l6 

From which fubftradiog the Number reprefented 7 
hyp, which is - - - J 33 

There remains r — p^ or - - . . . x?? 

To which adding the Number reprefented by c - :jt3 

The Sum isr— ^+'> Pf • • ^^^ 

From which fubftra<ftin^ the Number reprefented bya r ii 

There rema^ins r — p.r^-c^^x, or. - «- 189 

To which adding the Number reprefented hy d - « ^ ar 

ThcSum is ri— pi>;4-f — *'+rf> or - . 2io. 

And dividing this 210 by b, or jf the Quotitfnt is 



r — p+f-^x-j-d 



■ t ~a I 



> or 30,1 ^which is equal to a, or the Number 



fought, and is thus proved; 

J fey the Number fpuglit is * ^ 30 

por iFthis is nfiuhiplied by r . - - 7 

The Pfoduft is - - - 210 

From which' fuhftraftipg "^ - 21 

There rcmaips .^ ▼ - - 189 

To which adding ^ f - ly 

The Sum is - c. . 200 

From which fubftracfting - - 23 

, There remains - ^ «- 177 

jT^O. which adding - - '33 



The Sum is what the Queftion requires ^ 210' . 

I 

Queftion 17. A Gamefler challenged another io plaf with him 
for as many Guineas as were in his Hand ; hut being ajkid h^m 
many they were, anfweredi if you multiply their Number by 10, 
and fubftraH 100 from this Prodtcffy and to this Remainder 
ad4mg ,SS^ . and. from the Sum fub/lra^ 31, and Ridding tctbis 
Rjmiindir 115^ I Jhall then haye 539 Guineas. fJow m^ny 
bad he? 

* • ' 

LjCt j= the Number of Guineas fought, i=jo, ^scioo, 

i'^J^Si ^ = 3^y ^=115, P = 539- 

Then 



To reduce .an Equation, &c. ii^ 



Tben a Gamefter had a certain 

Number of Guineas, which 

call 
Which being multiplied by lo, 

or fy we have by Art. 9. 
Fsom which fubftradling loo^ 

'or cj ys^e have 
To which adding 55, or dy we 

have by Art. 6. 
From this fubftrading 31, or } 

my we have " - - J 
To which addiqg 115, or x^ 

wc have - - 

Thirby th^ Queftion is to-be 

equal tq 539, or py hence we 

have . . * - 
Then by tranfpofing x we have 
Tranfpofing ;7z it is 
Txanfoofing d we have 
And tranjfpofing r 
Now. divide by ^, as before di- 

re^ed, and we have 

And rgedling b from — 



} 



placing down the reft as 
£>f^ tbea 




3 

4 

5 
6 

7 

8 

9 
10 

II 
12 



13 



ba — c 
A«-^r+ d 
ia — c + d — m 
ba'^c + d — m + x 

mm m t 

ba-^t + d — m + x ^p 

ha-^c-^-d — mz=ip'-^x 
ba — c-^d^^p — X'\-m 
ba — '^=:/)— JT-I-OT— i/ 
baznp — ^+)w*— //+r 
b a ^ p -^V 4- m^-^d-^e - 

b b 



The Queftion beinfg now Tolved in Algebra^ we are to find 
what a is equal to in Numbers. 



Now p is equal to - 
From which fubftra£ling ^, or 

There remains^— ;*•, or 
To thb adding tjij or 

The Sum is p-^x-^-niy or 
From this fubftrading dj or 

There remains ^—;f-l-/w—i/, or 
To this adding r, or 

ThcSum is^— ;r+»;,— rf+^j or 



539 
"5 



424 
31 



455 
55 



400 

100 



- 500 



-i* 



112 



ALGEBRA. 



But dividing this 500 by b, which is 10, the QuoticAt is 5O9 
the Number of Guineas the Gamefter had ; and is thus proved 
from the Conditions of the Queftion. 



I fay the Gamefter had 

For if that Number is tnultiplied by - 

ThcProduftis 

From which .fubftiad;ing 

There remains 
To which adding 

The Sum b - 
From which fubftradhig 
There remains 
To which adding 

The Sum is what the Queftion requires 



56Giiin€ai 
10 



SCO 

too 

400 



ii 



4S5 

4H 

111 

539 



Queftion i3* J Perfin ising ajkei how matiy Hours it wMs 
fqji NooHy replUdj if y^u multiply the Number tf Hnirj peffi 
Noon by 7, andjul^ra^ ^ from the Produ^^ and to this Mo^ 
ntninder add-q^ md from this Sumfubjlra^ 3, and to tbU Ri» 
mainder adding 4, this Sum zuill be oqual to 12. Hmv many 
Hours ivas it paji Noon, or what of the Clod was it f 

p 

Let a -=2 the Number of Hours it was paft Noon, or the 
Number fought, , ^ = 7, / = 5> ^ = 9> ^ = 3> * = 4. 
Of =12. 



} 



Then there is a certain Number 

of Hours paft Noon, which 

call - 
This multiplied by 7, or w, we 1 

have by Art. 9. - 5 

From which fubftraAing 5, or 

pj we have 
To this adding 9, or d, we have } 

by Art. 6. - - J 

From which fubftrafting 3, or 

r, that is, conneAing c by 

the Sign — , we have 
'^ which adding 4, or by we 
'^AYC by Art, 6. - 



\\ 



2 

3 

4 

5 

6 



ma 



ma — p 
ma — j> -\'d 



m 



a — p-^-d-^c 



ma — p ^d — r + ♦ 

Which 



To reduce an Equation, G?r 

} 



"3 



Which by the Qiieftion is to be 

equal to 12, or a*, hence 
Now tranfpofe by and we have 
Tranfpoiing c then 
Tranfpofing d and 
Tranfpofing p wc have 

Now dividing by m^ as in the ^ 
former Queftions, and we \ 
have - - - J 

Reje&ing m from the Quantity ^ 



— , as before, and we have 
m 



8 

9 

10 

ij 

12 



j\ma — p+d — c+bzzx 

ma — p+d — czix — r* 
ma — P'^-dzzx'-^i + c 
ma — pzzx—b-^c — -d: 
mazzx — b-^-c-^d^p 

ma A*— *+r— ^</ -^p 

m 



■•■p^ 



m 



in 



X — i + r— i/-f^^ 



^2^ 



m 



R 

I 

The Algebraic Work being finiflied^ we find what a Is iA 
Numbers thus. 

Now X is equal to - - «- Z2 

From which fubftrafting i, or :«• - 4 

There remains x-^b^ or - - - 8 

To which adding r, or • - - 3 

The Sum is ;ir — ^ + ^» or - - - 11 

From which fubftrading </, or - - 9 

There remains ^ — b-^-c — rf, or - - 2 

To which adding)), or 5, the Sum is x — i+r — ^i+A ^^ 7 

And dividing this by m, or 7, the Quotient is,i, which 
is equal to a^ or the Number of Hours it was ps^ft Noon, 
hence ic was i of the Clock in the Afteraoon. 

Which IS thus proved, from the Conditions of the Queftion, 

I Ciy the Number of Hours paft Noon were 
For if that is multiplied by - - - 

The Produdl is - - • . 7 

From which fubftra6Hng - - - 5 

There remains - - - 2 

To which adding • - - 9 

The Sum is - - - 11* 

From which fubftra£ling - - 3 

There remains - - - ' 8 

To which adding - - • 4 

The Sum is what the Queftion requires * X2 

Q, rt 



7 



1^4 ALGEBRA. 

• To reduce an Equation by Involution, 

49! ^itberto thett has been no EqOation in ^hich the un* 
known 'Quantity has had the radical Sign prefixc before it, or 
has' been' Co!ine3ed with known Quantities under the radi- 
cal Sjgo, but as tiiis is a Cafe which frequently happens, we 
are now tor explain the Manner, how fuch Equations are 
managed." 

Jfaqy Part of an Equation is a furd Quantity, bufthe un* 
known Quantity is not under the radical Sign, then there is 
no OccaRdn to clear this liquation of its Surds j but if the un- 
known Quantity is under the radical Sign, then the Equation 
inuft be deared of its &ur^. 

And when there is a given Equation where the unknown 
^lantity is under the radical Stgn^ and there are n^ore Qjian- 
titre§ without tHe radical Sign on that Side of the Equation, ^nd 
corine<Sed by the Signs •+- or — , tranfpofe all thofe Quantities 
which are without the radical Sign, to the other Side of the 
Ecpiation ; then raife both Slde» of the Equation to the Square, 
rr t|i^ radical Sign exprefTes the Square Root, or to the Cube; if 
thq radical Sign exprefTes the Cube Root, and fo on ; by which 
Means the Equation will be cleared of its Surds. 
> After- this, if there are no known Quantities on the fame Side 
of tlie Equation with the unknown one, the Queftion is folved; 
but if there are ftill known Quantities on the fame Side of the 
Equation .with the unknown Quantity, the Equation is to be 
i^educed bjr Tome of the Methods before explained, at Art. 46, 

TheJSqM^re Root is exprefled by this Sign 4/, and the Cube 

■-'' 3 

Root by the fame Sign with a 3 on the Top, thus y/ j and if 

any Root is taken belldes the Square Root, the Figure over the 
^ign-(hew8 what Root it is ; but vt^hen it is only the Square 
Root, then there is generally no Figure over the Sign. 

Qucftion 10. Two Gentlemen wen talking of tbi Nufkbir of 
Acres there were in a Park, t^e Park-Keeper being prefenty end 
difpofed to Jhow his Learning^ told thorny that if they extraQid 
the fymre Root of the Number of Acres in the Park^ from w^tch 
fquare Root fubjlra^ing 5, this Remainder will be equal to 50. 
■liow moj^. Acres were there' in the Pari f 

Let 



To reduce ant Equation, &c^ i\^ 

t^t a =r the Number of Acres in the Parity ^ ^ j^ 
rf = 50. 



Now there were a certain NuinBtfofT 
Acres in the Park, which call S 
The Square Root of which, by Art. ( 

^33> - - - J 

From which if we fubftracSl 5, or A, ( 

. that fs, ^onrieftjh^ b by the Sign— »-i 

Which y/di — by the Queftion> 
lis equial to 50, or dy hence « S 

The Queftron bfclng now expreffcd"^ 
in Algebra^ and obfervmg that ^, f 
i9 not under the radical Sign, there- ( 
fore tfanfpofe by then - J 

Now all the Quantities being tranf-" 
pofed, which were not under 
the radical Sign, fquare both 
Sides of the Equation, as the ra- 
dical oign exprefles the fquare 
Root. Bixc the Square of y/a is { 
tf, by Art. 43. and the Square of ^ 
d + b is id+2db+bb, by 
Artr 32. and making thefe equal 
to one another, for the Square of 
equal Quantities or Numbers muft 
be equal, and we have 



f. 









a-=.id^2ih^bh 



• 

Hence it appears that a^ the unknown Quantity, is ^uaf to 
the Square of the Number reprefinted by d^ added to twice the 
Product of the two Numbers reprefented hy dinib^ and this 
Sum added to the Square of the Nuniber reprefented by L 



The Square of the Number reprefented by d is dij or 
The Produft of the two Numbers reprefented by d 
and b h dbj or 2^0, and twice that Produ£t is 
2d by or - - . ^ 

The Sum is dd-^idbj or - - 

The Square of the Number reprefented by b is biy or 

Tlie Sum Ts dd+2itb+kby or 3025, which is 
:iz ai ot tUe Number fought 



} 



2500 
500 

I > ■■ a 
3000 

302$ 



Q.2 



H«|»A. 
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* Hence, I fay there were 3025 Acres in the Park, whiqti is 
thus ptovcd, from the Conditions of the Queftion. 

The Number of Acres in the Park were - - 3025 

Now the Square Root of that Number is t - 55 

From which fubftradling - . - 5 

There remains what the Queftion requires - . 50 

Queftion 2.0. A Perforiy zvBo bad been fortunate at Gaming^ 
was asked bow many Guineas be bad won, to wbicb be anfweredf 
tbat if -the fyuare Root of tbeir Number was extra£ted^ from . 
wbicb Root fubjlr acting f^ be Jhoutd then bave 16 Guineas. 
Wbat Number of Guineas did be win f 

Let azz. the Number of Guineas- he won, iizy, dzz, 16. 



. 



- -» 



I \a 



s/a—h 
s/a—bzzd 

^azzd + t 



Now a Perfon won a Number of 

Guineas, which call . - 
The fquare Root of which by Art. 

^ 33- »s 

From which fubftrafting 7, or ^, we 

, have ;r - 

tVhich y/^ — * by the Queftion is 

to be equal to 16, or d^ hence 
Now becaufe b is not under the 

radical Sign, therefore tranfjpofe b, 

then - . - - 

All the Quantities not under the ra-"' 

dical Sign being now tranfpofed, 

in order to clear the Equation of 

the Surds, raife both Sides of the 

Equation to the Square or fecond 

Power. But the Square of ^a is 

a J by Art. 43. and the Square of ^ 

d + b is dd -{- idb -{-bbj by 

Art, 32. and making thefe two 

equal to one another, for the 
- Square of equal Quantities or Num- 
bers muft be equal, and we have 

• That is to fay,, the unknown Quantity, or <7, is equal to the 
8t|uare of the Number reprefented by d^ added to twice the Pro- 
du^ of the two Numbers reprefented by d and b^ to which Sun» 
add the Square of the Number reprefented by b. 

The 



aizdd+2db + bb 



To nduce an Equation, &c. 

The Square of the Number xeprefented by d is dd^ or 
The Produdt of the two Numbers reprefenteJ by d and 
i is dbj or 112, and twice that Produ& is 2db^ or 

The Sum is dd-^- zdb^ or - 

The Square of the Number reprefented by b Is hb^ or 

The Sum is dd-^-idb + bb^^ or 529, which is equal I 
to a, or the Number fought ' - - J ^^9 



"7 
256 

224 

"480 

49 



Therefore the Perfon won 529 Guineas ; and is thus proved, 
from the Conditions of the Queftion. k 



I lay the Number of Guineas he won was 

For the Square Root of that Number is . 
And if from that Square Root we fubftra£t 

There remains what the Queftion requires 



529 



23 

7 



16 



Queftion 21. j1 Gentleman having fold his Ejiatt^ an imper^ 
ttnent illiterate Perfon asked him what he had fold it for:, ^hy^ 
Sir^ replied he^ if you extras the Square Root of the Number of 
Guineas for which I fold it, and add ij to that Number^ this 
Sum will be equal to 317. How many Guineas had the Gentle-^ 
man for his Eflate ? 

Let a iz. the Number of Guineas for which the f^ftate was 
fold, ^zz 17, dzz.'^i'j. 

Now the Eftate was fold for a 7 1 
Number of Guineas, which call ) 
The fquare Root of which by Art. ? 

01. is - - - ^ 



33 



To which 17, or ^, being added, we ? 
have - - ^ 

Which y/^ +* by the Queftion, fe ^ 
to be equal to 317,' or rf, hence 3 

The Queftion being now expreflred"> 
in Algebra^ and bccaufe i is/ 
not under the radical Sign^ V 
therefore tranfpofe b^ and weV 
have - - - J 

Now fquare both Sides of the Equa-"J 
tion, and make them equal to one / 
another, for the Reafons mention- S 
ed in the two laft Queftions, and \ 
we have - -> -^ 






a — dd—idh+bt 



\ 



From 



H8 ALGEBRA. 

From hence, we know thkt ^, the unknown Quantity, is 
equal to the Square of the Number reprefented by dy ittb{{ra<5ting 
from it twfce the Produ6k of the Numbers reprefented by d and 
by and adding to the Remainder the Square of the Number re- 
prefented by B. 

The Square of the Number reprefented by ^/ is 7 ^ 

ddj or - " - - 3 ^ ^ 

The Produd of the two Numbers reprefented by-^ 
i and d isMb, or 5389, and twice that Product isV XO77S 
2dby or - - - - ^ 

Which fubftraAed, the Remainder is dd — 2d 6, 7 « 

e, . :. . . '} 897" 

The Square of the Number reprefented by J is } ^ 

ibj ox - - - - 5 ^^ 

The Sum IS dfi — 2db'\^bbj or 90000, which? 
is equal to a^ and is the Nuniber fought - ) 90000 

And that the Eftate was fold for 90000 Guineas, is cfiui 
proved, from the Conditions of the Queftion. 

I (ay the Eftate was fold for - - goooo Guineas! 

For the fquare Root of that is' - - 300 

To which if we add - - - 17 

The Sum is what the Queftion requires - 317 

Queftion 22. jf young Gentleman^ when he came of Age, asked 
bis Guardian the annual Rent of the Ejlate his Father left bim^ 
to %vhich he was anfzveredj that if he extraSied the fquare Root of 
the Number of Pounds for which the Ejlate tuas rented, and t9 
this Rooty if he added 27, // would be equal to 1 00 Pmindi. 
What was the annual Rent of the Eflate ? 

Let tfzz the Rent of the Eftate, m m 27, x-zz 100. 



Now the Rent of the Eftate was - 
The fquare Root of which by Art. \ 
33. is ... J 

To which 27, or m, being added, w^ 
' have - - - 

Which by the Queftion is to be equal ) 
Coiooy 01 x^ hence -^ - ) 



\ 



I 
2 

3 

4 



a 

\/a + m 

The 



To reduce an E^uatioo, &c. 
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a^sxfc-^txm-^-mm 



The Qucftion being now cfcpreffedl 

in Algebray begin by tran(po(ingf 

nty for the Reafons mentioned ii^ r 

the ^mes^ Que^ipns, ; ^od then \ 

we have - * : " • 

Now fquaring both Sides, of fhe^J£-l 

quation, to take away jtbe jii\^2\ [ 

Sign, as was done in the fpitgoing r 

Queftion, and then we pave - J 

And there being no n^or^ Qjianjcities to be tranfpofed %ht 
Queftion is folved, for we may fii^ff the Value of a la ^uin- 
bers from the Algebraic Work^ thus : 

The Square of the Number reprefented by at is xxy or xoooo 
. TTbe PxodM<^ of the two Numbers represented by ^ 
the Letters x and m is xm^ or 2700, and twice that q 5400 
Produ(5t is zxm^ or - - - - ^ ' 

Which fubftracied leaves jr AT — 2xm^ or - - 4600 

The Square of the Number reprefented hy mi% mm^ ox 7 29 

The Sum is 5329, or ^j*^— 2Af»i + »i«?, which is X^ 
equal to a^ or the Number fought - - jf ^3^9 

And that the annual Rcpt of the Eftate was 5329 Pounds', 
is proved from the Conditions of the Queftion* 



I fay thj^ annual Reqt of the Eftate was 

Fo^ the fquare Root of that is 
To wkicb there being added 

The Slim is what the Queftion requires 



5329 Pounds 



72 
27 



100 



Queftion 23. To find that Number to which 1290 b/mg ^4^d^ 
iftmfqt^are Root of this Sum is extra£ied^from which Root fub^ 
fira^ing 29, the Remainder may b^ equal to ji. 

Lc( azz the Number fought, bzz 1290, d::z2g^ ^=7I.« 

There js a Number fought, which 7 
I call - . . > 

To vj^hi^ 1290, or *, being added, ^ ^[aXk 

we have . ' *- > ^ 

The fquare Root of which Sum by 



Art. 34. is 



} 



s/a + b 



Ftosi 



S20 
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From which rubftra£ting 29* or 7 
dj wc have - - 3 

Which by the Queftion is equal ) 
to 71, or ;ir, hence - * 5 

Now begin the Solution, with *) 
tranrpofing dy it not being I 
under the radical Sign, and f^ 
then - - - J 

All the Quantities on one Side"^ 
of the Equation being now 
under the radical Sign, to 

. fake away that, as the un- 
known Quantity is under 
it, fquare both Sides of the 
Equation as before. Now the 

-III '' s 

Square of y/a'\'b is a-\-by 
by Art« 43. and the Square 
of x-^d h xx^2xd-\'dd^_ 
by Art. 32. and as the Squares 
of equal Numbers, or Quanti- 
ties, muft be equal to one ano- 
ther, hence 
Now tranfpofc *, it being a 
known Quantity, and then 






8 



^fl-f-^:— i 



v^tf+^:— -rfrr* 



v/«+A = * + 4 ^ 



a-{-b=xX'\'2xd^dd 



azzxx'\-zxd'\-dd'^b 




From whence wcmay find the Value of a in Numbers. 

The Square of the Number rcprcfented by at is ;r;r, or 
The Produft of the two Numbers, reprefented by x 
and ^ is xdy or 2059, and tiyice that Produdt is 
2xdy or - - - . 

The Sum is xx-\^%xdy of - 

The Square of the Number reprefented hy dis dd^ or 

The Sum is ;ir*'+2;if^/+^^j or - 

From which fubftradiing the Number reprefented by '^ 

There remains 8710, oixX'\'2xd'\-dd — byf « 
which is z=tf, or the Number fought - - 5 07^^ 



9159 
841 

1 0000 
1290 



And is proved tbus^ from the Conditions of the Queftion. 



1% 



s 



To reduce an Equation, &cl 

I fay the Number fought is - 

For if to that we add 

The Sum is - - - • 

The (quare Root of which is * 

From which fubftrafting - 

There remains what the Queftion requires 
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8710 
1290 



1 0000 



100 
29' 



71 



a — i 



^a — b\ 



\/ a — b : +^ 



Queftion 24. A Perfon being asked hts Age^ replied^ that If 
from my Age you fubjira£i 1 1, and extraSf the f quare Root of the 
Remainder^ to which Root adding 1 3, this Sum will be efual to 
20. TVhat was the Age of the Perfon ? 

Let tf n the Number of Years, or Age of the Perfon^ 
^z:ii, zwi:i3, rfzi2o. 

Now the Age of the Perfon is 
From which if we fubftradt 11,,^ 

or*, we have - - i 

The fquare Root of which by > 

Art. 34. is - - ^ 

To which adding 13, or ;», we \ 

have - - ^ 

Which by the Queftion is equal > 

to 20, or d^ hence we have ^ 
The Queftion being thus ex-"i 

prefled in Algebra^ and m not / 

being under the radical Sign, | 

therefore tranfpofe m, then J 
Now fquare both Sides of the" 

Equation, to clear it of the 

Surd, as in the former Que- 

ftions. But the Square of 

^a — A, \& a — i, by Art. 
43. and the Square of // — m 
by Art. 32. is dd — %dm 
'^mmy then as the Squares of 
equal Quantities are equal, we 
have - ' - ^ 

And by tranfpofing b we have 8 ^ z: ^i— 2 rf/w + /» z«+* 



I 
2 

3 

4 
5 



^a — b\ -{-mzzd 



\/a — bzz d — m 



a — bzzdd'^^dfti+mm 



By which we find what a is in Numbers. Thus^i 



Thft 
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The Square of the Number reprefentcd by d is ddy or 406 
The Produft of the two Numbers reprefented by // ? 
and m is dm^ ox 260, and twice that Produffc is idm, or 3 ^ 

Which 520 fubftradcd from 400, leaves dd — 7.dmy ) 
or —120, fee the Numerical Work in Queftion 6. j 

The Square of the Number reprefented hy mv&mmj or 169 

Which 169 added to — 120, makes dd — 7.dm^mmy ) 
or + 49» fee the Numerical Work in Queftion 6. - J " 
To which adding the Number reprefented by b r li 

The Sum is 60, which I fay is zz a^ or the Age of the I f^ 
Pcrfon . - - - - 3 ^ 

. And is proved from the Conditions of the Queftion^ thus : 

1 fay the Perfon was - - 60 Years old 

For if from that you fubftraft - - 11 

There remains - - - 49 

The Square Root of which is - - 7 

To which adding - - - ij 

The Sum is what the Queftion requires - 20* 



To reduce an Equation by Evolution. 

50, This is done by the Extraftion of Roots, for if after all 
the known Quantities have been carried to the other Side of the 
Equation from the unknown Quantity, and it appears that one 
Side of the Equation is the Square^ Cuhe^ or any Power of tte 
unknown Quantity, then ejctracS fuch Root of both Sides 
of the Equation as will deprefs or lower this Power of the un- 
known Quantity to. the firjl Power; that is, if one Side of the 
Equation is the Square of the unknown Quantity, then the 
Square Root muft be extradled, and if it is the Cube of the un* 
known Quantity, then the Cube Root muft be extraded, and 
fo on» which deprefling the unknown Quantity to the firft 
Power, the Queftion is anfwered. 

Queftion 25. What is that Number^ if to the Square o/wbub 
there is 51 added^ the Sum may be ico ? 

Let a z: tlic Number fought, i z: 51, wirico. 

Now 



tii 



] 



i\a 



aa 



aa+b 

aa+6:zim 

aaizm-^b 



To reduce an Equation, G?a 

Now there is a Number fought, which 7 
I call . . . \ 

The Square of which by Art. 31. P. 44. is 

To which 51, or b^ being added, we 
have - - - ' 

And this aa ^blshy the Queilion to 
be equal to 100, or m^ hence 

The Queftion being exprefled in Jl^ 

. gebra^ b^in and tranfpofe b^ then 

The known Quantities being now alF 
on one Side of the Equation, and the 
other Side being a a^ or the Square 
of tf, therefore by the Rule extra£V 

, the fquare Root of both Sides of the 
Equation. Now the fquare Root of 
aa is a^ by Art. 33. and the Square 

Root of m — ^ is y//w — *, by Art. 
34. and as the fquare Root of equal 
Quantities muft be equal, therefore 



Hence a^ or the Number fought, is equal to the Number 
reprefented by m^ fubftra^fting from it the Number reprefented 
by by and extracting the fquare Root of the Remainder. 



azz\/m — b 



/ 

The Number reprefented by ;w, is 

From which fubflra£ting by or 
There remains m-^by or 



100 
51 



49 



The fquare Root of which is \/m — by or 7, and * 
is equal to Oy or the Number fought . - SI 



And is thus proved. 

I fay the Number fought is 

The Square of which b 

To which adding 

The Sum is what the Queftion requires 



7 , . 



49 
51 



100 



Queftion 26. A Merchant had gained fo many Poundsy that if 
from the Square of their Number is fubjira^ed 10 1, and to this 
Remainder adding .500, this Sum is 3000 Pounds. What had 
the Merchant gained ? 



R2 



Let 



Let tfzi the CJaiii of the Merchant, b:=. lor, wn 500^ 

^—3000. ^ J 

Then a Merchant had gained a certain 7 

Number of* Pounds - - j 

The Square of. which 1% by Art. 31. P. 44. 
From which fabftrading loi, or ^, we ) 

have - . - .- J 3 

To which adding 500, or «i, we have 4 
This, by the Queftion, is to be equal I 

to 3000, orp^ hence - J ^ 

By tranfpofing m we have ,, - 6 

By tranfpofing ^ it is - - . 7 



By extra^ng the fquare Roots, as at the } I « 
fixth Step of the lail Example, then 3 | 



aa — b'\'mzz.p 

aa — bz±p*-rm 
aazzp'—rm^b 



a'iZ\/p — m -j-^ 



That is, a is equal to the Number reprefented by py fub- 
ftrafting from it th^ Nqipber reprefented by w, and adding to 
this Remainder the Number reprefented by ^, and exti;a6ling 
the fquare Root of this Sum. 

The Number reprefented by ^ is^ 
From which fubftrafling ;w, or - 

There remains />—;77, or - " - 

To which adding ^, or - 

The Sum is /» — m -^-b, ox *■- 



3OCO 

500 
2500 

lOI 



2601 



The fquare Root of which is ^p — ^i« + ^, or t 
51, and is equal to ^, the Number fought - -^ 



51 



And is thCis proved, from the Conditions of the Queftion. 



I fay the Merchant gained 

For the Square of that is 
From which fubftrafling 

There remains 

To which adding 

The Sum is what the Queftion requires 



51 Pounds 



26C1 

lOI 

2500 
3000 



• Qiicftion 27. If to the Square of the Number of Miles a Per^^ 
fen had travelled there is added gj^ fubjlra^ing from this Sum 
251, and adding to this Remainder 160, this Sum will be 
logoff/ How many Miles had he travelled? 

Let 
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Let a zz the Number of Miles he had travelled, t zz 97, 
WIZ251, 1^31160, ziz 10006. 



Then a Perfon had travelled a cer- 
tain Number of Miles 

The Square of which is by Arti-l 
cle 31. Page 44. - i 

To which adding 97, or i, it is 

From which fubftrading 251,^ 
orw, gives - - S 

To which adding 160, or x^ it is 

Which by the Queftion is to be 
equal to 10006, or %, whenco 

By tranfpofing ;r it is 

By tranfpofing m we have 

By tranfpofing b then 

By extracting the fquare Root asl 
at the eighth Step of the laft ( 
Example, or at the fixth Step ( 
of Queftion 25, we have - J 



} 



3 

4 

5 

6 

7 
8 



10 



aa 

aa + b'-^m 

aa + b-^m+x 

aa-\'b — m + xzzz 

aa-^b'^mzzz — x 
a^-^-bzz^ — x-^-m 
aazzz — *•+»!— i 



a'iZ\/% — x-^-m — b 



That is, from the Number reprefented by z^ fubftraft the 
Number reprefented by x^ to the Remainder add the Number 
reprefented by w, from which Sum fubftrafl: the Number repre- 
fented By ^, extracS the fquare Root of the Remainder, and it 
will be the Number fought. 



The Number reprefented by z Is 
From which fubftracSing A-', or 

There remains z — x^ ox 
To which adding w, or 

The Sum is z—^ -{-;«, or 
From which fubftradling b\ or 

There remains z — x-^-m — ^, or 

The fquare Root of which, or ^z 
the Number fought 



10006 
160 

9846 
10097 

21 

1 0000 



x-^m — ^, 



"] 



100 



PROOF. 



126 
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PROOF. 

I fay the Perfon had travelled 

For the Square of that is 
To which adding 

The Sum is - 
From which fubftrafting 

There remains 
To which adding 

The Sum is what the Queftion requires 



1 00 Miles 



loooo 

97. 

10097 

9846 
160 

jooc6 



Queftion 28- J General upon numbering his Army^ found^ 

that if from the Square of the Number of Men in his Army ^ there 

was fubJlraSled 3196, and to this Remainder adding T.'fziyfrom 

. which Sum fubftratUng 17 11, there would remain 99997814, 

7o find the Number of Men in the Army ? 

Let /7z: the Number of Men in the Army, ^133196, 
»izz272i, xzz.i'jWy sjzz999978i4. 



The Number of Men in the Army ? 

was - - J 

The Square of which is by Ar- 
ticle 31. Page 44. 
From which fubftrafling 3196, } 

or ^, it is - - J 

To which adding 2721, or m^ 

gives 
From which fubftraSing 17 11, 

or x^ we have 
Which by the Qufeftion is equal to 1 

99997814, orz, hence - j 
Firft, by tranfpofing x 
By tranfpofing m " 
By tranfpofing 3 - - 
By cxtraiSing the fquare Root, as 

in the former Examples 

By Numbers thus : 



} 



} 



3 

4 

5 

6 

7 
8 



aa 

a a — b 

aa — b-^m 

aa — i-f-fw — X 

a a — b •\-m — x'zi% 

a a — i-f-wziz + ;ir 
a a — b'zi%'\-x — m 
aazzz-^x — m -{-b 



lolazz. \/Z'\-x — ^«'+# 



SC43 



To reduce an Equation, G?r. 

z is in Numbers - - - 

To which adding ;r, or - - 

The Sum is Z'^Xj or - • 

From which fubftrading w, or 

There remains z + x—m, or 
To which adding ^, or 

The Sum is z+at — m + b, or - - 

The fquare Root of which is a. or the Number ) 
fought ^ . ^ ' . . } ^0000 



127 

99997814 
1711 

99999525 

2721 

99996804. 
I 00000000 



Which Is thus proved. 

I fajr the Nun^ber of Men in the Army was 

For the Square of that is 
From which fubftrading 

There remains - - - 

To which adding 

The Sum is * 

From which fiibftraSing 

There remains what the Queftion requires 



1 0000 



I 00000000 

z JI96 

99996804 
2721 

99999525 
lyii 

99997814 



51. Thefe being the particular Methods by which Equations 
are reduced, or Queftions anfwered, we fhall now add fonw; 
Examples where all thefe Methods are promifcuoufly ufed* 

Queftion ig, j1 Merchant broke for fo many Pounds^ that if 
their Number was multiplied by 4, and this Product divided by 6, 
and extracting the fquare Root of the J^otienty from which fub- 
Jlra^ing 60, there remains 40. What was the Sum for ivhicb 
the Merchant broke ? 



Let tfiz the Number of Pounds fought, b 
w 11:60, ^11:40. 



= 4, dzz6y 



Then the Merchant broke for a 7 
Number of Pounds , - 3 

Which multiplied by 4, or by we 
have 

This divided by 6, or rf, we^ 

have « • S 



\ 



I 

2 



ba 
ba 



The 



128 



The fquare Root of which ? 
is by Art. 33. - ^ 
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} 



From this fubftrafting 60, 
or /w, we have 

Which by the Queftion is ^ 
equal to 40, or p^ hence S 

Becaufe m is not under the ^ 
radical Sign, ^therefore ^ 
tranfpofe it, by Art. 49. J 

Now fquaring both Sides of \ 
tbcEquationby Art.4g. ^ 

And multiplying by d^ by 1 
' Art. 47. then - ^ 

Itcjeaing d from -— - 

and putting down the y 
other Quantities withotit 
any Alteration, as at 
Art, 47, we have - 
Dividing by i, by Art. 48. ? 
then - - ^ 

Rejeding b from — , and 1 

putting down the other v 
Quantities without any | 
Alteration, as at Art. 
47, or 48, we have J 






6 



8 



10 



II 



12 



s/- m-=ip 

a 

yj.-p+m 

— zzpp + 2pm+fnm 
—^zz-dpf-^-ldprn + dmrn 



bazz dpp + 2dpm'{-dmm 

ba dpp -f 2dpm '+-dmln 

1 b 

__ dpp'\'-2dpm'\'dmm 



In Numbers thus : 

dppzn 9600 
+ 2rfp/w— 28800 
+ dmmZZ2i6oo 



Sum 60000 or dpP'\'2dpm'\'dmm 

Now dividing 60000, or dpp + 2dpm'{-dmmy by 4, or i, 
we have ^PP+^^pm+dmrn^ ^^ ^^^^^^ j.^y^j ^^ 4=15000, 

b 
which is equal to a^ or the Number of Pounds for which the 
Merchant broke. 

PROOF, 
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PRO 6 F. 



» 1 



XSOoq 

4 



6) 6Q000 .._ 

ZOOQO {no (he fquar^ Ropt of xoooo 
60 

40 as the Q(]ef|ita rcqakes^ 



Queftion 30. ^ Gentleman having hwght a Hpufe^ 4LKd being 
difpefed to try the Knowledge of hits Son in Algebra, told him, if 
the Number of Pounds the Houfe coji^ was divided hy 8, and that 
Stnotient multiplied by 50, and extracting the fquare Root 
cf this Produ^y to which adding 10, thfis Sum ^otild he &0 
Pounds. What did the Houfe coji ? 

Let 12 =: the Price of the Houfe, *=: 8, ^t;;;^?, /»=: 10, 
j^ =: 60. - 



Now the Price of t^^^ v, j 
Houfe is 

Which divided by 8, or b, 
it is - 

This multiplied by 50, or 
dj we have 

The fquare Root of which 1 
is, by Art^ 33-3 






} 



To which adding 10, ox m 

This, by the Queftion, is 
equal to 60, ox p^ hence 

The Queftion being now"^ 
cxprefTed in Algebra^ and / 
m nat being* under the/* 
radiqiL S^n, tranfpofe it \ 
by Art* 49, then - -^ 

Kow iquaring both Sides of } 
dse Equation, by Art. 49. 3 

And mi>liiplying Ijy i, by 
Alt. 47, -» 0- 



\ 



3 

4 
5 

6 



a 

b 

da 

b 



da 



8 



\/ -r +"» 



^i^t-* 



bda_ 



If 






KejeSing b from 



« «' j% Jj G E B R jAb " *- 

bda 



putting down the reft 
at the twelfth Step 
the laft Queftion, then 
Dividing by d^ by Art. 48*. 
and * - : 

^eje£ting d from — , , and 

putting down the reft as 
at Art, 47^ or 48. and 



!»• 



in Numbers : 



* *■ 



— 2^/WZZ— - 9600 



19200 

+Aiwiwir 800 



dzz s\o)20oo\o 

4.00 zn a J 



10 



XI 



12 



dazzbpp'-^lhpm^btnm 



da bpp'-^2iijn:^bmm 

d ' ' rf 



■^ ■* ■^ t. 



"^ bpp — '-2bpm-{'bmm 



•\ • «• 



the Number of Pounds the 
Houfe coft. 



PROOF, 

8)400 



50 

so 



2500 (50 the Square Root of 2500 

10 

60 as the Queftion requires. 



CONSECTARY. 

If the Reader compares the eighth, ninth, and tenth Steps of 
the laft Work, he will find that t^ multiply any Fradion by its 
Denominator, or any Dividend by it^ Divifor, is only to rejeft 
the Denominator, or Divifor, from that Quantity^ and multipbr 
it into all the other Quantities ; thus, the Equation at theeighth 

Step is — zzppr^7.p.m-^mmy which being multiplied by 
b - I - ' 

« its 
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its Denominator b^ we have at tbe tenth Step dazzhpp' 

bda 

— 7.hpm'^bmm\ the ninth Step, or zzbpp'^^bpm 

s ' b 

+ bmmj 'hefrig only a more particular lUuftration of the 

Work. 

And by comparmg the tentl^ eleventh, and twelfth Steps, it 

appears, that to divide any Quantity, by any LfCtter in that 

Quantity, is only to rejeft that Letter from the Quantity, 

and placing it as a Diviibr to the other Quantities ; thus, at 

the tenth Step, the Equation is dazzbpp — 2bpm+bmmj 

Ti^ich being divided by ^/, gives us at the twelfth Step 

the eleventh Step or ll:::: 



bpp — 7.bpm'-\'bmTn ^ 

pp 2 ^/ytj- mm ^ j^.^^ ^^j^ ^ ^^^ particular Illuftration 

d 
of the Work. 

Therefore we (hall now leave out fuch Steps as the ninth 
and eleventh : 1 did not choofe to do it at firft, my Defign being 
to make this curious Science as eafy as pof&ble. 



Queftion 31. A Running-Footman being lent of an Errand 
was told J that ifhefquared the Number of Miles he was to run^ 
and multiplied it by 4, and divided this Product by 40, to this 
^otient adding 500, from which Sum fubjira^fing 1400, and 
extra^ing the fquare Root of the Remainder it would be 10. 
How many Miles was the Footman to run ? 

Let a z: the Kumber of Miles the Footman was to run, 
^1=4, rfz=40, ;w 11:500, xzzi^oOi pzzio. 



The Number of Miles the Foot- 
nuui was to run let be 

Which being fquared is by 
Art. 31. - 

This being multiplied by 4, 
or bj we have 

This being divided by 40, or d^ 
it is - - - 

To which adding 500, or m, 
gives • . • • 






3 

4 
5 



aa 

baa 
baa 

IT 

ba a 



+ m 



S a 



From 



uiLG B B R J, 

baa 






\ 



From which fubftrafliAg 140O9 
or x^ we havq - - 

The fquare Root of which is, 
1^ Am 34. 

Which by the Queftion, is equal 1 
to 10, or^, therefore - } 

Now fquare both Sides of the 
Equation, by Art. 49. and 

By tranrpofing x^ we have * 
By tnuifpofing m, we have - 

By inultiplyii^ by d by the 

Confe^ary^ rage 130. 
And dividine by b by the Con- 

feSfary^ Pagp 130. 

Now cxtrafting the fquare Root, 
by Art. 50. 

In Numbers : 

dpp zi 4000 ( 

+ rf;r —.56000 



8 



-f-«— "^ 



•— « 



] 



10 



II 



12 



13 



14 



baa I ^. , 

— +mz=:pp+x 
a 

baa:iidpp'-\-'dx'^dm 
dppArdx — dm 



_ fdpp+dx-^dm 
a^^ J— 



*m- 



60000 

'dm n — 20000 



^134)40000 



10000(100 the fquare Root of 1 0000, hence the 

Footman was to run 100 Miles# 



proof: 



yi 



v/ 






+ 500 — 1400 IZ 10 



1 have not drawn out the Proof of the laft Queftion into Par- 
ticulars, but only exprelTed it at once ; that is, four times the 
Square of ^ (which is found to be 100) being divided by 40, .if 
to this Quotient we add 500, and from this Sum fubftradt 1400, 
the fquare Root of this Remainder will be equal to lo. And 
now I (hall exprefs all the Conditions of the Queftion at the firft 
'u Equation, 
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Equation, that the Learner may form fome little Judgment in 
what Manner to Ifaorten his Work ; and if he conceives how the 
Proof of the laft Queftion is exprefled, it will eafily lead him to 
the Knowledge of expreffing the Conditions of the Queftion, or 
raife the Equations as arife from the Queftion without parti- 
cularizing every Circumftatnce. But if the Learner finds any 
Difficulty in thL$, he may proceed as before. 



Queftion 32. j/ Gentleman who bad been at the Gaming^ 
Tables^ and lofingj fome of his Acquaintance laughing at him for 
his Folly J ajked how much he had lojl ; to which he anfweredy if 
you fquare the Number of Pounds I have lojl^ and divide that 
by 4, multiplying this ^otient by lo^ to which Produd add 
3900, then extra^ing the fquare Root of this Sum, from which 
fubflra£ling 80, the Remainder will he equal to 90. How much 
hadhebji? 

Let azr, the Number of Pounds loft, ^ — 4, Jzr 10, 
m zr 3900, ^ zz 80, zzz 90. 



Then By the Queftion 



tranrpoflng py it^ 
•t being under the I 
jical Sign, by Art. T 
I. we have -» J 



By tranrpoflng py it 
not 
radical 

49 

By fquaring both Sides ^ 
of the Equation, by > 
Art. 49. then - J' 

By tranfpodng m^ it is 

Multiplying by b 
by the ConfeSary, 
Page 130. 

Pividing by d by the 
£ime 

Extraifting the fquare 1 
Root, by Art. 50. J 



I fdaa , 
o 



% ^^+m=z+p 



'^t^+m = zz + 2zp+pp^ 





da a 



zzzz + 2Zp+pp — tn 



daatr.bzZ'^2bzp + bpp — bm 

bzz'-{'2bzp-\^bpp — bm 
aazz i i--! — i-C 



azz^ 



(bzz + 2bzp +bpp^-^bm 



In Numbers ; 



bzz^ 
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bzX2Z 3240a . . s ; 

2*2^^:57600 , -^ 

tpp zz 2560 

I I 5600 ' ' ' 

•^kmzz — 15606 • 
dzz ilo) loooofo / 

• ^a ..• .. .. . 

1 0000 ( 100 = tf, the Number of Pounds loft. 



PROOF. 



^ tUf, -f. ^900 : — 80 = 90 



Tq reduce an Equation when the unknown ^antity 

U injeveral Terms. 

52. When the unknown Q^iantity is in more Terms than 
one, bring all thofe Terms which have the unknown Quantity 
to one Side of the Equation, taking Care that the greateft Co* 
efficient of the unknown Quantity has at laft the affirmative 
Sign, and carrying all the Quantities that are known on the 
other Side of the Equation ; then divide both Sides of the Equa- 
tion by all the Co- efficients of the unknown Qi^antity, con- ' 
necSed with the fame,S*gns of + and — , as they then happen 
to have, which will reduce the Equation as in the following ' 
Examples. 

If the unknown Quantity flbould be in more than two 
Terms, tranfpofc thofe Terras in fuch a Manner, that the Sum 
of the pojitive Co-efficients of the unknown Quantity may exceed 
the Sum of the negative Co-efficients of the unknown Quantity, 
and then divide as before directed. 

Queftion 33. There is a certain Number which being multiplied 
by 10, if this ProduSf is divided by 2, to this ^otient adding 19, 
arid fub/lra£ling c^o^ from thatSum^ the Remainder will be equal 
to the Number fought^ 

Let a zz the Number fought, ^z: 10, dzi ^^ mzn i^^ 

ZZZOQ. 

By 



To fcduce an' E^taation^ &c. 

ba 



ns 



3 

4 



B7 the Queftion - - «- 11 
By tranfpofing z ^ 

By tranfpofing ;7i . • , 

By multiplying by d by the ^ 
Confe^fary^ rage 130. - •? 

Becaufe d is lefs than ^I'tranf-'^ 
pofe day that both thd Terms / 
which have the unknown ^ 
Quantity, may be on the fame \ 
Side of the Equation, then ^ 

And dividing according to the 
Rule by b — d^ the two Co- 
efficients of <7, we have . - 



a 

— + mzza + % 
d 

ba , 

d 
bazzda + dZ'^dm 



ba—dazi d% — d 



m 



dz — dm . 

a n zz 20 the 

b — d 
Number fought. 



PROOF. 



roa 



+ 19.-99=^ 



The Divifion at the fifth and fixth Steps, viz, that ba — da^ 
being divided by i—rf, fhould leave only a^ may perhaps a little 
perplex the Learner, and if it does, I advife him to examine 
jirt. 10. where he may obferve, that in multiplying any com- 
pound Quantity by a fingle Letter, that Letter goes into 
every Term of the Produft, therefore the Multiplier is not fo 
many Times that Letter as the Number of Terms are in which 
that Letter is. found, but only the fingle Letter multiplied 
fucceffively into all the other Quantities ; hence, if this Pro- 
dudl is to be divided by all thofe Qiiantities, the Quotient 
will be the fingle Letter, and not fo many Times that Letter 
as the Number of Terms are in which it is found. See further, 
Queftion 38. Page 138. 



* Queftion 34. A Gentleman bought an Eftateforfo many Pounds y 
that if they were multiplied by 4, 42nd this ProduSf divided by 5, 
from which ^lotient fubjira5ling 600, and adding to this Re- 
mainder 6 Times what the Ejiate cojl^ this Sum will be equal 
to 6200 Pounds^ How much did the EjUite coji f 

I^et 



ALGEBRA. 



136 



Let a = the Number of Pounds the Eftate coft, i =? 4, 
d=^S9 ^ = 600, ^ = 6, *' = 6200, 



Then by. the Queftion 

By tranfpofing my we have 

Multiplying by d by the Con-^l 
jeSfary^ Page 130, - J 

Dividing by i + ^/> ^^^^ Co- 
eiEcients of a^ as in the laft 
Queftion, and we have * - 



4 






«<7 



+pazz it-\-m 



■ 

ha'\'dpaz::idX'\^dm 



b'Tj^dp 



= 1000 



Therefore the Eftate coft 1000 Pounds* 



PROOF. 

i^ — 600 + 6 fl ;=3 6200 
S 

Queftion 35. v/ Peirfoh had a certain Number of ShillingSf 

which multiplied by 4, this Produ£f being divided by 11, t9 

this ^otient adding 90, and from this Sum taking away 30, the 

fquare Root of this Remainder will be equal to the f quart Knot of 

the Number of Shillings fought ^ when diminijbed by lo, ' 

ft 

Let a = the Number of Shillings fought, ^ = 4, J^sss n^ 
^ = 90, ^=30, 2== JO. 



Then by the Queftion 



7 

-5 



Becaufe tbece is no Quantity on 
each Side of the Equation but 
what is under the radical Sign 
therefore fquare both Sides 
the Equation, by Art, 49. 

Multiplying by d by the Con* f 
fe5lary^ Page 130. - - S 

Becaufe^, one Co-efficient of it, "J 
is greater than ^, the other ( 
Co-efficient of a^ tranfpofe f 
ba^ then • m r ^ J 






ba , 

d ^ 



ba + dx^^dp szda-^K 

dx — dpz=zda-^-^d^6r^4 

TfanfpoCfij 



To /reduce an Equatipni &e. i^y 



Tranfpofing dz ^ " 

Dividing by d — b the two"j 

Co-efficients of a^ as at / 

Queftioa 33. Step 6. we f 

have - - - J 



dz-jrdx — dpzzda-^ba 



dz4-dx — dp 

a^ —-=1 ; -■= 1 10 

a — ^ 

(the Number fought. 

If the Learner chooies to have the unknown Quantity 

on the left Side of the Equation, he might have put the 5th Step 

thus, da'^hamdz'^dx — dp^ this being only to change the 

Sides of the Equation, not to alter theiY Value, 

PROOF. 



^« 



Ua^nilOy then^/^^ — ^-90— 30=V^tf--— 10 

Queftion 36. jf Running- Footman foriuard tojhow'his Learn* 
ingj being in Company ^ faid^ if the rfumher of Miles he had run 
was multiplied byj ^ to which Produ£f adding 550, and fuhjira^^ 
ing 10 from that Sum, and dividing the Remainder by 10, the 
Square Root of this ^otient will be the fame ^ as if you added 
14 Aftles to thofe he had run^ and extraffed the fquare Root ef 
that Sum. 

Let tf = the Number of Miles he bad run, ^=7, ^=550^ 

;n = 20, ^=10, Xzssl^, 



Then by the Queftion 

There being no Quan- 
tity without * the radi- 
cal Sign, therefore fquare 
both Sides of the £qua-| 
tion as at the fecond Step 
* ' of the laft Queftion 
Multiplying by ^ by the I 
Confe£fary^ Page 130, S 
Becaule^, one Co-efficient^ 
of tf , is greater than h^ \he ( 
other Co-efficient of a, \ 
therefore tranfpofe ba J 
By tranfpofing px ^ 
-Dividing by ^ — 4, the two 1 
Co-efficients of ^7, as at ( 
Qyeftion 33, Step 6. we i 
faave • *» T J 



v/ 



fba^d—m 



\/^+^ 



ha -|-rf— wi 



==«+.;* 



ba+d—m^pa-^-px 



d — mzsipa-^-px-^ba 
d-^m — px=.pa'rhit 

P — * 

(Hkjpiber of J»t}les required* 

PROOF, 



•138 
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PROOF. 



^L T . ^^ ; 1= V^^l + 14 



'Xo reduce an Equation when the fame S^anthy^ either kncwn 
or unknown^ is in every ^erm of the Equation, 

53. In any Algebraic Operation if the fame Quantity, either 
known or unknown, is in every Term of any Equation, then 
divide evefy Term of the Equation by that ^antity which %vill re- 
duce the Equation to more fimple Terms, as in the following 
Queftions. 

^ Queftion 37, To J!nd a Number which multiplied by 4, and 
the PrpduM added to the ^otient of the fame Number multiplied 
by 56 and divided by 7, this Sum will be equal to the Square of 
the Njumber fought^ 

Let ^1= the Number fougjit, 4 = 4,^=56, ;72= 7. 



Then by the Queftion 

Multiplying by m by the 
ConfeSfaryj Page 130. 

Becaufe a is in every Term 
of the Equation, divide 
by a, ^then 

Dividing by w, the Co- 
efficient of J, by the Cort^ 
feUary^ Page 130. - 



I. 



, , da 

b a-Y — =tf tf 

m 
mba 4- da=im a a 

mb + dss^ma 



a = 2 — JLl. = 12 the Ntim- 

(ber fought 



m 



PROOF. 

i,a-^^^aa 



Queftion 38. There are two Towns at fu'ch a Diftance, that if 
$bi Number of Miles between them is multiplied byjc)^ and this 
Produil added to their Dijiance^ the fqUare Ro9t of this Sum will 
ie equal tQ the Dijiance oj the two Towns multiplied by 2* ' 



• * w • 



Let 



To reduce an Equation, &c. V39 

Let a =s the DIftance of the Towns, ^ = 79, ;;i = 2, 

Then by the Queftion - - - |i|v^^« + «=^ tf 
There being no rational Quantities on 



the fame Side of the Equation where 
the radical Sign is, fquare both Sides 
of the Equation by Art. 49, 
Dividing by tf, it being in every Term ^ 
of the Equation, and -• - ^ 

Dividing by mm^ the Co-efEcient of tf, > 
by the Confe£fary^ Page 130. - ■> 



bti'^as:=mm^M 



^ + I =mma 

^ = _!-*. = 20 
mm 

Hence the Diftance between the two Towns is 20 Miles, . 

PROOF. 

• * ' * i » * 

If the Reader does not eafily conceive that dividing ^i7n|- 4, 
or ba^ia at the fecond Step, by ^, gives b^i^ as at the'tbird 
Step, X advife him to confider wjhat is faid at Queftioa 

33 ; to which may be added, that ^-f- 1 x^ z: ^dr-f^, whereas 

b + I ^ zazz2ba'^2aj a Produft very different from 

ba -{-a. Or it may be explained thus, ^ "*" ^ ^ zz i + i, 

a 

the a being rejected by Art. 22 and 26. 

m 

^e Manner of regtjiertng the Steps of an Algebraic 

Operation explained. 

54* Having explained to the youi^ Analyft^ the different 
Methods of managing Equations, to ; fave the Trouble of u&ng 
fo many Words \ I fliall now fhow him the Method of regijter^ 
ing the Steps^ introduced by the ingenious Dr. John Pel!.. 

To regijier the Steps of an Analytic Operation is only to ex- 
prefs in the Margent of the Work by Symbols^ inftead of Words, 
what has been done ; and to render it as eafy as may be to the 
Learner, we fliall refume the Work of one of the former Que- 
ftions, and exprefs by Words what is done in one Column, in 
another Column exprefs the fame thing by Symbols^ or Ch^^ 
radlers, and in the third Column place the Work itfelf, that 
by comparing the Operation with the ObfervatiOns that follow 
it, the Reader may the more eailly underftand the Manner of 
rig'iftehing the Steps, 

T 2 Qyeftioii 



t^Q 



ALGBBR A. 



Qucftion 3g. A Running- Footman being Jint of an Errand 
was iol^y that ifhefqiiared the Number of Miles he was to rurif 
4if{d multiplied it bj 4, and divided the Product by 40, to this 
i^kotimt adding 500, from which Sum fubjtra5ling 1400, and 
extraSling the fquare Root of the Remainder it Would be io. 
How many Miles was the Footman io run ? (this is Qucft. 31.) 

Let ^l zz the Nunibcr of Miles the Footman was to run^ 
b:rt^y rfn4o, mtn^ooy Arm40o, pzzio. 



'jThcnj-by the Qiieftlon, Wc have 
the fame Equation as at the 
eighth Step/Queftion'^r. . 

\Regi/ier 

Squaring both Sides of-i 
' ^Equation, or in- 
volving them to the 
(kccmd Power, by 
Art. 49- - 

By, trai;i(pofing x at the } 



fecond Equation - i 

By <ranfpofing m at the ) 
third Equation • > 

Multiplying the fourth 

Equation by d 
DJvtdfrig the fifth Equa- > 

tion by * - - 1 

Extradting the fquare 
Root of the fixith £- 
quacion,' by Art. 50. 



I®- 2 



/l?aa , 



1 



2 + X 

3 — /w 

4X d 
6 tw 2 



3 
4 
5 

6 



baa 



d 

I 

baa 

T 
baa 



4-w — ^"^PP 



4 t 



+ m=pp+x 
zzpp'\'X — m 



baazudpp^dx — dm 
dpp-^-dx — dm 



aa zz 



/(Ipp-X-dx-^dm \ 

k 



For another Inftancc let us take Qucftion 33. 

Queftion 40. There is a certain Number which being multiplied 
h IQ> if this Product is divided by 2, to this ^otient adding 19) 
and fuMr ailing ^c) from that Sum^ the Remainder will be egual 
to the Jy umber fought. 

Let azz tbt Number fought, £=10, dz=.Zi mzzi^ 
8 = 99- 

Tben 



To reduce an Equation, &c. 



U» 



Then by the Qneftion - 

By tranfpofing z from the ) 
firft Equation - ) 

By tranfpofing m from the ) 
lecond Equation - ) 

Multiplying the third £- 



} 



quation by d 
3y tranfpoiing d a from 7 
. the fourth Equation ) 
Dit^iding the fifth Equa- 



Regifter 
I +% 

2 — »I 

3 xi 

4 — da 



iV-j + ni — zzza 
d 



d 



3 

4 
5 



Widing the hfth Lqua-") 
tion by i—d J the two IL^rj 
Co-efficients of Hy by f P * '^ 
Art. 52, • - •'I 



d 

baizi da + Jz'^dm 

ba — da'Zi dz — dm 



dz'^dm 

b—d 



From thefe t>^o Examples we may obferve, ChafC to ngifter 
any Operation, is only to put down the Figure which ftaAds iii 
the Column againft that Equation,, from which we intend 
to raife the next Equation, and after that the Sign of either. 
jUditUfty SuhftraSiiony Multiplication^ Pivijion^ Inwlufi^n Und 
Evolution y according as the Cafe requires, and after this the 
Quantity which fufi^rs the /^Iteration. 

Thus at Queftion 38, the firft Equation being ratfed or in- 
volved to the fecond Power produces the fecond Equation, there- 
fore, I fay in the Regifter i ©- 2, that is, the firft Equation in- 
volved to the fecond Power gives the fecond Equation, and in 
the fame Operation. 

Becaufe the fourth Equation is produced from the third,f by 
tranfpofing m with the Sign — , therefore in the Regijier I fay 
3 — /», that is, the third Equation •— w, produces the fourth 
Equation. And, 

As the fifth Equation is produced from the fourth by multi- 
plying by d^ therefore* I fay in the Regijier 4 x </, that is, the 
fourth Equation multiplied by ^, produces the fifth Equation. 
And, 

As the fixth Equation is produced from the fifth by dividing 
bv by therefore, I fay in the Regifler 5 -r-^, that is, the fifth 
Equation divided by by produces the fixth Equation. And, 

As the feventh Equation is produced from the fixth by ex- 
trading the fquare Root, I fay in the Regifter 6 um 2, that is, 
the fixth Equation having the fquare Root extracted, producer 
the ieventh Equation* 

Whence 



« > 

-. s 



>4* . ' ^ t G E^'R A. 

Whence, as I (aid above, to regifter any Operation, is only t« 
put down whether it is the firft, fecoftd, third, fourth, or any 
other Equation, which fuffers the Alteration, and from which 
the new Equation is raifed ; and aFtqr that Figure to expjrels in 
CharaAcrs, ci Sigtis, the Alteration, that is then m^de to gain 
the new Equation. 



Wbe Method of refolvtng ^e ft ions thai^ 
contain two Equations y and two un- 
known Quantities. ^ 

55.^Tr^ H E 'foregoing Qucftio'ns requiring only one unknown 
X Number to be found, their Conditions were all ex- 
prefled in one Equation, which Equation being reduced by the 
Rules already delivered, the Queftion was anfwered. 
• But if the 'Queftion requires two unknown Quantities to be 
found, then there are generally FSiifed two Equations from the 
Queftion, each of them including both the unknown Qusin- 
titles; whereas all the former Queftions were'exprefled by 
Equations that contained only one unknown Quantity, and their 
Conditions were likewife exprefted by one Equation. 

And when any Queftion is propofed, which being Algebraical^ 
ly expreiTed, if it is found to contain two Equations, and two 
unknown Quantities, fuch Queftions may be refolved by this 

RULE. 

. Find what the fame unknown Quantity is equal to in each of 
the two Equations, which arife from the Conditions of theQue- 
j^ton, then make thefe two Equations equal to one. another, and 
in this Equation there will be but one unknown ^dantlty^ confe*- 
quently if this Equation is reduced by the Rules already given 
at Art. 46 to 53. we fliall find what this unknown Quantity is. 
To find the Value of the fame unknown Quantity in each of 
the given Equations, and making thefe two Equations equal to 
i\i\t another, which clears the Work of that unknown Quan- 
tjty whofc. Value was found, is called tlie exterminating an un^ 
known ^antiiy, 

. -: And 



716^ Meibod bfrefoking ^efiions^ &c. 143 

And to find the Value of an unknown Quantity in any £. 
quation^ isDnly to find to. what it is equal, therefore all the 
other Quantities, whether known or unknown, muft be carried 
to the other Side~of the Equation by the Diredions at Art. 46 
to 53. and theft it will appear to what this unknown Quantity 
is equal, as this makes one Side of the Equation, the other Side 
of the Equation being known. Quantities^ with the other un- 
known Number or Quantity fought* 

. • ... . 

f. • • . . ■ 

Queftion 41.' To find two Nurtibers if the greater is added 
to the lejfer the Sum may be 262. 

But if from the greater youfubjlra^ the lejfer y the Remainder 
may be eqtial to %/^i^. 

Let tf r: the greater Number, ami e n the feflcf Number 
fought, * 11:262, xzz.1/^. 

Now the Sum of the two Num-1 

kers in Algebra is tf +^> which t 

is to be equal to 262, or b, \ 

hence w,e. have - - J 
And the leflcr Number being 

fubftraded from the greater is 

tf — ^, which is equal to 

144, or ;r, hence we have 

The Conditions of the Queftion being now exprcfled, there 
appears in it the above two Equations with two unknown 
Qiiantities a and e^ therefore according to the Rule find what a 
is equal to in the firft Equation, by tranfpoling e.- 



a +^r:* 



By the 
Queftion 



a — e zzAT 



1 — e 

Now find what a is equal to 
in the fecond Equation, by 
tranfpoling e* 

2 +e 



azz b — e 



a rz X -{- e 



Therefore make the third and fourth Equations equal to one 
another, for they are both equal to the fame Quantity a, which 
exterminates that unknown Quantity, this Step is regijfered by 
placing the 3 and 4 with a Point between them as in the Work, 
V^hich expre/Ies that the fifth Equation is from comparing the 
ihird and fourth Equation. 



3-4 1 5 1 ^ + e=if--^*f 



The 



\ 



a44 - ji L G E B R A. 

Tiw unknown Quantity « being on both Sides of the Equa- 
tion, bring it on one Side of the Equation, by Art. 52. 



5 +« 



6 
7 
8 



_b — x 

; — III < 



Here it appears that e^ or the lefler Number fought, is equal to 
,^, or 7^%^ fuhftradting from it x^ or 1449 and dividing the 
Remainder by 2. 

When any Equation is divided by an abfolute Number, as the 
feventh Equation is divided by 2, place them in the JRigi^erzf 
ufual, but draw a Line over the 2 to diftinguifh that it is an 
^ibiblute Number by which you divide, and not by the feoond 
Equation in the Work. 

Now b zi 262 
— xz:-— i4£ 

2)118 



59 := f , the IclTer of the two Numben (ought. 

It being now known what / is in Numbers, we majr find a 
by thf thii:d or fourth Equation, that is, by the third Equation 
we have a^b — e. 

But b zz 262 

— ^ = — 59 

203 =: a, the greater of the two Nuptbers fought. 

Whence 203 and 59 arc the two Numbers required in the 
Queftion, and is thus proved irom its Conditions. 

The greater Number is 203 - • 203 
The lefler isTLinriber is 59 • - 59 

262 Sum 144 Remains, 

Queftion 42. Two Men difcourjing of their Money ^ found 
that if the Number of Shillings each had were added together the 
Sum would be 38. 

But if from him that had the greater Number of Shillings j 
there he fubjlracfed tiuice the Number cf Shillings the other Pert 
fsn had, t^ne would refiain 5. Hoiv many had each Man ? 

Let 
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Let a:zz the greater Number of Shillings, e zi. the lefler 
Number of Shillings, b zz 38, xzi $* 



And becaufe the Sum of their 
Shillings or ^ + ^ was 38, or 
i, hence - - - 

And twice the lefler Number "J 
being taken from the greater, ( 
or fl*— 2^, was equal to 5, or f 
x^ hence - - - J 
Now to £nd the Value of a in 

the firft Equation, tranfpofe e, 

I — e 

, And to find the Value of ^ in 

tt)e fecond Equation, tranfpofe 2e. 

2 + 2^ 




By the 
Queflijn 



azzb — e 



azzx-}-2e 



. Make the third and fourth Equations equal to one another, 
Jbeeaufe they are both equal to the fame Quantity a, and regijier 
jt 9S direAed in the laft Queftion > and this exterminates that 
onknown Quantity. 

3-4 I 5 \^ + ^^^i — e 



The unknown Quantity e being on both Sides of the Equa-^ 
tion, bring it on one Side of the Equation, by Art. 52. 

$ + €\ 6 1^^4-3/?:=* 



6 — ;r 

7-^3 



7 

8 



'^ezzb — x 

b—x 

e zz * 



Hence the Quefiiort is anfwered, for i r! 38 



3)33 



' II zi^, the lefler 

Number of Shillings. 

. And as / is now known, we may find what a is by the third 
or fourth Equation ; taking the fourth Equation, we have 



U 



«-^ 



146 



ALGEBRA. 



X 

2e 



5 

22 



27 zz tf, the greater Number of Shillings. 
PROOF. 



The greater Num- 7 
berofShiUings J ^7 

The Icflcr Num- ? 
bcr of Shillings J " 



Sum 38 



27 

Twice the leflcr 7 
Number of Shillings 3 ^^ 



Remains 5 



Queftion 43, T«;^ Men laying a Wager concerning the Num^ 
her of Sheep in two Droves., as they could not decide it^ appealed 
to a third Per/on^ who told them that if 2^ ^as added to the 
Number of Sheep in the greatejl Drove ^ that Sum would be equal 
to twice the Number of Sheep in the leajl Drove. 

But if they added 44 to the Number of Sheep in the leaft 
Drdve^ that Sum would be as many as were in the greateji Drovey 
and dfftred they would now find the Number of Sheep in each 
Drove, 

Let aiz the Number of Sheep in the greateft Drove, ezz th9 
Number of Sheep in the leaft Drove, xzz2^9 ^=44» 



Now the Number of Sheep in-| 
the greateft Drove being added / 
to 31, is equal to twice the> 
Number of Sheep in the leflcr I 
Drove, hence - J 

And the Number of Sheep in the-^ 
leaft Drove when added to/ 
44, being equal to the Num- > 
her of Sheep in the greateft \ 
Drove, we have - J 



+ xzz2e^^ 



I By th 



the 
Queftion 



+ ^=a J 



3 azzie — X 



Now by the third Equation, a is equal to 2e — X, and by the 
fecond Equation, a is equal to e+d^ therefore make thefe 
Equations equal to one .another, for they arc both equal to the 
lame Quantity <?, which exterminates a^ as before. 

2.3 
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2 • 3 

S + 'l 



.4 
5 



2*— *•= # + </ 



6 I ez: d -{• X 



^=44 
A- =31 



75 =: ^, the Number of Sheep in the leaft Drove, 

I 

Then having found e, we may find a by the fecond Equation * 

^=75 

dz^ 4.4. 



119:=:^, the Number of Sheep in the greateft Drove. 



PROOF. 



"9 
3^ 



150 which IS twice the Number of Sheep in the leafi Drove. 



75 
44 



1 19 which is the Number of Sheep in the greateft Drove. 



Queftion 44. Two Gentlemen who had fold their EJiates^ hy 
comparing what each EJlate was fold for^ founds that twice the 
Sum of what both the Efiates Were fold for was 1 1468 Pounds r 

And if what the leafi EJlate was fold for be fuhflraSied from 
what the great ejl EJlate zvas fold for ^ there will remain 1408 
Pounds. For how much was each EJlate fold ? 

Let azz the Number of Pounds the greateft Eftate was fold 
for, e HZ the Number of Pounds the leaft Eftate was fold for, 
*=: 11468, A-n: 1408. 

By the firft Condition - 
By the fecond Condition - 

Find the Value 
firft Equation 



of a^ in the 



I — 2e 

U 2 



I 

2 



2a -^ leznb 
a — eznx 



zazz.b — li 

b — 2 e 

a iz - M 



Noiff 



^48 ALGEBRA. 

Now find the Value of ^7, in the fecond Equation* 

Z + e\ s \ aiix + e 

Make the fourth and fifth Equations equal to one another, 
becaufe they are both equal to the fame Quantity a^ and 
therefore muft be equal to one another, by which a will be 
exterminated. 



4. 5 

S — 2X 

9-^4 



7 
8 

9 

10 



x + ez::: — -* 



* Here we have 
only to find what 



2X'\'2ez:zb — 2e e is by the Rules 
2x ^/i^eizb already delivered, 

4*zz*— 2;^ at Art. 46 to 53, 

e zi -II zz 216-?, the Pounds for 

4 

which the leaft Eftate was folds and e being now known, then 

By the fifth Step \ 11 \ a'zz x '\- e -n 357X1 the Pounds for 
which the greateft Eftate was fold. 



PROOF. 

Now if ^n 3571, and ^11:2163, then 2^ +^^— 114681 
and q — ezz. 1408. 



Queftion 45. Two Gamejiers A and B, founds that iftwict 
the Number of Pounds won by A was added to what had been 
won by B, the Sum was 48 Pounds : 

And if what had been won by A was added to three times what 
had been won by B, the Sum was 39 Pounds. What was the 
Sum won by each Gamejier ? 

Let a zz the Pounds won by A, izz the Pounds won by B, 
^—48, X—Z9* 



By the firft Condi- 



tion. - ) 



By the fecond Con- 
dition 



i 



I 

2 



2 j-f-^ 



i 

X 



Find 
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Find the Value of^, from the firft Equation* 



I — e 
3-^2 



3 

4 



Q.azi.b — e 

a zz 



Now find, the Value of a, from the f^cond Equation. 
2 — 3^1 5 1^=^ — 3/ 

Make the fourth and fifth Equations > equal 1^ one another, 
becaufe they are each equal to the fame Quantity, which Equa- 
tion will exterminate a. 



4-5 
6x2 

7 + 6^ 

9-^5 

Then from the ? 
fifth Equation 5 



7 
8 



10 



II 



b — e « 

b — ezz^x — 6e 
b + sezzzx 
Sezz2x — b 

e zz n: 6 Pounds, won by B, 



♦ Here we have 
only to find e by 
the Rules already 
delivered, at Art. 
46 to 53. 



^ziiV— 3^ZZ2I Pounds, won by A. 



PROOF. 

2 ^ + ^ rr 48 
tf + 3^ = 39 

Queftion 46. What an ihofe two Numbers that twice tht 
greater being added to three times the lejjer^ the Sum is 29 : 

And three times the greater being fubJiraSied from Jive time9 
the Ie£er^ the Remainder is 4, 

Let <ar = the greater Number, ^ == the lefler Number,, 
b = 29, ;w = 4. 



By the firft Condi. } 
tjon - 5 

By the fecond Con- 
dition 



2 j + 3'=* 
I 2 5^~3a = »i 



t^o A L G E B R A. 

To find the Value of ay from the firft Equation. 



1 — 3^ 

3--2 



3 

4 



2tf = * — 3^ 



Now find the Value of a^ from the fecond Equation : tranf- 
pofe 3^ becaufe it has the negative Sign. 



• 2 + ij^a 

• ^>* — m 

Or 

7-^3 



5 

6 

7 
8 



5* = « + 3« 
5* — « = 3<r 

3«=5« — m. 

5* — m 



Make the fourth and eighth £t]uations equal to one another, 
for they are each equal to the fame Quantity a^ and this un- 
known Quantity will be exterminated. 



4.8 

9x2 

10 X 3 
II + g^ 

12 + 2171 

i3-T-7^ 

By the fourth ? 
Equation 3 



3 2 



10^ — 7.m 



=*— 3^ 



10 

11 10^— 2^1 = 3* — qe 

12 I 19^ — 2»i=3^ 

13 i9^=3*+2;w 

14 ^=3^ + 2/«_ ^j^g j^flj.^ Number. 

15 ^ ss i. = 7, the greater Number. 



PROOF. 

2 « + 3 ^ = 29 
Se — za=: 4 

Qucftion 47* Tw^ Travellers A and B, meeting on tie 
Road^ founds that if the Number of Miles travelled by A was 
divided by five^ adding to this ^otient three times the Number 
of Miles travelled by B, the Sum was 249 ; 

But 
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But if twice the Number of Miles travelled by A were added 
to four times ^e Number of MiUs travelled by B, the Sum was 
540. How many Miles had each travelled ? 

Let iar := the Number of Miles travelled by A^ ^ = tht 
Number of Miles travelled by B, a; £=249, 2=540. 



By the firft Con- 7 
dition - 3 
By the fecond \ 



Condition - 



1x5 



— 15^ 1 



- + 3^ = ^ 
5 

ia +4^ = 2: 
I a = 5^— i5# 







The Value of a being now found by the firft Equation, find 
its Value from the fecond Equation. 



2 — 4^ 



S 

6 



2^ = 21-^4^ 

^ ^ z — 4^ 
a = -I- 



Now make the fourth and iixth Equations equal to one ano- 
ther as before, which exterminates a. 



4.6 

. 7x2 

8 + 30^ 

9 — z 



10 



26 



Then by the 4th ^ 
Equation ) 



7 

8 

9 
10 

II 
12 



5-::±f=5«-is» 



2;— 4^= 10 jf— 30^ 

26^=10^' — z 

^:=:££1Z:5=75, the Miles tra- 

26 (veiled by B* 

^yrr5Jf-^I5/= 120, the Miles 

(travelled by A» 



PROOF. 



- + 3 < i= 249 



The 
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The Learner being now a Irttle converfant with thcfe kind 
of Qucftions, kt the laft be repeated, and put Letters for aR 
the Numbers both known and unknown, and if he finds aiqr 
Difficulty in folvin^ it. by, comparing the two Operations, the 
/ormcr may in fome Manner explain thisi: and to illuftrate 
it the more I have placed the Equations in the laft Woilc, 
agauift their correfpondent Equations in the next Operation.' 

Queftion 48. Two Travellers A and ^B, meeting on the 
Road^ founds that if the Number of Miles- travelled by A was 
divided by 5, and adding to the ^otient 3 times the Miles 
travelled by B, the Sum was 514.9 : . ' 

But the Miles travelled by A being multiplied by 2, and 
added to 4 times the Miles travelled by B, the Sum was 540. 
H9W many Miles had each travelled ? 

Let ^= the Number of Miles travelled by A, ^rr thcNum*- 
ber of Miles travelled by B, 1^ = 249, zzr 540, as before, but 
nowputrf=5, »^=3, j==:2,*^=4« 



BythefirftCon- 7 
clition, J 

By the fecond ^ 
Condition. J 

I X ^/ 
3 — dme 



I 

2 

3 

4 



-+»i^=*', that is, - + 3^='^ 
qa-^pe^^Zi that is, '2^ + 4^=2: 



a'\'dme^=dx^ that is, j+ i5^=5jir 
az=:dx — dmej that is, a = ^x — 15/ 



Having found the Value of « from the firfi Equation, find 
Its Value from the fecond Equation. 



,% 



2 — pe 



5 
6 



qa:=z — pe, that is, lazrzz — 4/ 

z — pi ' , . . Z' — ±e 
a=z i—, that IS, a = 2L 

i 2 



Now make the fourth and fixth Equations equal to one ana* 
ther, for they are both equal to the fame Quantity a^ which 
exterminates that unknown Quantity. 



4 . 6 



yxq 



7 
8 



^-ZLdx-^dmey that is, T. 

q 2 

= sx—jse^ 

z — pezzdqx — dmeqy that is, z — 4/ 

z^iOiV — 30^ 

Z + dmeq 

V 



l3^ Method of refolvlng ^ejiions^ Sec. j^2 



8 '\-dmeq 
9 — % 



9 

10 



dmeq-^z — pe'rz^dqXy that is, 26^ 
Jmeq-^pe'ZzdqX'^Zy that is, 26^ 



The unknown Quantity e being in two Terms, therefore 
divide by both the Co-efficients of e^ as at Art. 52. 



lO-^dmq — p 



li 



m^ — ^ = 7S» ^l^at is, £ = 

IBJLplzz. 75, the Miles travelled 
26 

byB. 



And it beii^ found that i\^ 75^ we may find a by: the fourth 
or fixth Equation to be I20. 

C^eftion 49. Ti^ri an two Armies ready to engage ; // the 
Dumber of Soldiers in both Armies tire added together^ and that 
Sum multiplied by 4, the ProduSf is 84440 : 

But if the Number of Men in the greateft Army he multiplied 
by 7.y and added to the ProduSi of the Number of Men in the 
lejfer Army mstliiplitd by 3, thk Sum is 522 19. 7o find- the 
Number of Men in each Army ? 

"Let iar s= the Number of Men in the greateft Army, ^= the 
Number of Men in the lefler Army, ^«=4, /Ki=ii4440, 2=2, 
jf=3, 3=522i9, » 



BythefirftCoii.? ^ 
dition. . S 

By the fecond } 
Condition. J ^ 



da + de::^fn 
za -jr ^^ ^^ 



Find the Value of ^, in the (itii Equation. 
i-^de 



4 



da^st^^^de 



Now find the Value of ^ from the fecond Equation, 
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2 — xe 



5 
6 



za T=b — x^ 

b "^ X e 

a = 



Make the fourth and Hxtb Equations equal to OOQ another 
to exterminate a. 



4.6 

8x2 



7 

8 
9 



m T- ii^^ b — X e 



m-^ d f =s 



db — dxe 



zm-'-^zd e =d b — ^;ir ^ 



Now in this Equation / being on both Sides, £iid 
which of its Co'^efficients dx ot x d is the greateft. 
zd is 8, hutdx is 12, therefore tranfpofe dxe^ that the un- 
Icnown Quantity, with the greateft Co<fficient9 may have, the 
afErmative Sign, as at Art. 52, 



g-^dxe 10 
II 



II — T^m 
iX'^d^ — zd 



By the fixth E- 
quatiori, . 



} 



dxe-^zm^^zde^s^db 
dxt — zdesz'db'^zm 
db-^zm 



12 ^ == 



13 



dx'^zd 

b'-^xe 



«=9999 



sillily the Number 
^ of Men in the gicateft 

Army* 



Dividing the eleventh Equation by dx ^^zd^ the two Co- 
efficients of /, as at Artv 52. gives the twelfth Equation. ' 

PROOF. 

4 tf + 4 ^ = 84440 
2 a -ir 3e =z 52219 



Queftion 50. J Gentlemim bought a Pair of Horfts for hh 
Coach J his Son having learnt Algebra, the Ftoher pr^fed for 
him to determine the Price of each Horfe from faying 9 

That if the Pounds bpth Horfes cojl was mutiipUed bf 49 
and this^Produ^ divided 'by 8, the Quotient would be 10 

But 



•■ » 



itbe Method qftefohifig ^eftions^ &c. i^^ 

But if the Pounds the beji Horfe cojt was multiplied by 3, and 
this Pr^du^ added to 5 times the. Pounds the worji Horfe cafly 
this Sum would he 158 Pounds. Now what was the Price cf 
each lArfe f 

Let a =z the Pounds the beft Horfe coft, e = the Pounds 
the worft Horfe coft, ^=34, dc::S, iwft=20, ^=3, ^•=5, 

By the firft Con- 
dition. 

By the fecond/ 
Condition. S 



ix^ 3 
4 



2—b 

4-^i 

5-7 

Sxp 

gx b 

XO + bxe 
H — pdm 

iZ-^hx-^pb 



By the feventh > 
Equation. 5 



.6 



8 



10 
II 
12 

13 



A' 



baArbe 
! ZIOT 



pa + xezzz 



ba-^-bezzdm 
bazz.dm^^bef 

dm — be 
azz ► 

b 
pazzz — xe 
z — xe 

a^z « n 

P . 
To exiermioate a 

dm — be z — xe 

~^ p 
pdm-phe _^^, . 

pdm-^p'bezzbz-^bxie 
bxe+pdm-^pbe^b^ 
bxe — pbe=^bz — pdifi . 

^=:*£z2i?x»i9 Founds^ the Price 
b y -r-p A^ ' ^f the worft Horfe. 

«=*JIlii>=: ai. Hounds, the Price of 
^' " ; j the beft Horfe. 



4 * •" " 



P R O O F. 












jLa + ±e, 

. 8 . ^ 

3^ + ifT=:l58- 



> 



- . « V } j 

Queftion fi. Xwo youngGenttemeny wh& hddfhidmdVumbers^ 
not ag^eehl^ tib(Ai their J^ey referred theJOfi/j^te to their Father ^ 
wbofinilini toldtbem^ that if t^e Age ofthi eldejl was divided 

X 2 h 



♦ (< 
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by ^, to which ^Qtient adding 4 times the Age of the pungtft^ 
and extracting the fquare Root of this Suntj it will be 10 : 

But if the Age of the eldeji was multiplied by 3, and added 
to the Age of the youngeji multiplied by 5, this Sum will he 7.01. 
To find the Age of each Per fin ? 

Let a = the Age of the elder, e r= the Age of the founger; 
b-=.Zy d=^j W = I0,/ = 3, 2j=r55 r-=:20i, 



jfythcfirftCon-l 
dition. S 

By the fecond ^ 
Condition. ^ 



a 



v/;-+i. 



=r m 



p + ze z=ir 



Becaufe in the firfl Equation a the unknown Quantity, is 
under the radical Sign, therefore fquare both .Sides of the £qua«r 
tion, as at Art. 49. The i ®- 2 in the Regi/ler fignifies that 
the firft Equation being involved or raifed to the fecond Power 
or Square lua^es the third Equation, for (^ h the Sign of In- 
volution« 



5 — ^44 

4X^ 5 

f>^p 



5.7 

8 xf 
g+pbde 

JO-r-r 

ii-^pbd-^z 
3y the feventb ^ 

Otcp. • : J 



8 

9 

10 

II 

Z2 



- +de'zzmm 
b 

b 

a=ibmm — bde 

pa^znr — ze 

a =r — 

P 
Now to exterminate a 



ze 



p\ 



zzzbrnm-'-^hdi 



r^^Zi^pbmm — pbde 
piie^r — ~Z4z=:pbmni 
pbde — zt-^pbrnm^-r-r 

^=>*:^^ni=2i, the Age of the 
pbd — z (youngefte 

i:zii5=3j, tiis Agp iof the 

f (eldcft^ 



a=: 



P ?l O F. 
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PROOF. 



4/- + 4^ = io« 

2 

3 ^ 4. 5 < =a 201, 



Qucftion 52. Two Tr^definefrA and B comparing their 
Gains, found, that if the Pounds gained by A were muhlpled by 
2, to which adding 3 times the Pounds gained by B, the fquare 
Root of this Sum was 1 1 Pounds : 

But if 6 times the Pounds gained by B, were added to the 
^otient of thjt Pounds gained fy A divided by io," this Sum 

'was jyj P$unds. To find the Profit of each Tradtfman? 

> - . * ■■■•'■ 

Let tf r; the Pounds gaino^by Ai^ ^s the Pounids gained 
>yB^ A-=?i, dzpi^ ^=|i, ^3=^, 2;=io, jf?^47,. 



BjrthcfirftCon-^ 

. dition* ^J^ 

By. the fecond? 

Condition. S 



^/'tf + 4^ = « 



In the iirft Equation the. u|iknown Quantity a being under 
the radical Sign, fquare both Sidps of the Ecjuation as in the 
laft Queftion. 



I ©-2 
2^de 

2x2; 
6 — %pe 

5-7 
8xi 

. JO — nn 



3 

4 

5 

IS 

7 
8 

9 

10 

zx 



b a -i^ d e :rznn 
ha '=znn "^d e 
n n ^r^'d e 



azTL 



z^e + a T=i7ix 
a zrzZX'^zp e 
nn — de^^^^ 



Z=2ZX 



%-pe^ 



n » -^ di =ihzx — -i z p * 
bzpe-^nn^^de^iizx 
* ;?|l/ — d'f ^=^b^ X'-^hn 



IX^ 
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By the feventh 7 
Step. • i 



A L G E B R A. 



12 



13 



- Av* ^ =7 fo"n* gained 

a:=iZ^xr^zpezzso Pounds gained 

by A, 



P ROOF. 



\/ 1 tf + 3 tf =: ir. 



tf 



6^4 — z:47- 
xo 



Queflion 53. Tw» Per/ofts A and B^ mi each a Sxm §f 
Money J that (jT tbt Pounds A owes are drmdedbj 5^ /« wUcb 
^otient adding 4 ///^/^ the Pounds B ^zc/^/, tfni extraif the 
fquare Root of this Sum^ it will if 6 Pounds : , 

'Bui ifjp'om 3 times the Pounds A owes^ ' is fubftraStei co 
times the rounds B Vwf/, and extract the fquare Root of ttii 
Remainder it will, he 10 Pounds. What did each P erf on owe f 

r 

Let a = the Pounds A owes, ezz the Founds B owes^ 
iwns, «=:4, dzz6^ A=3> *— 5^^ xzzxo. 



} 



By the firft Con- 
dition. 



By the fecond j 
Condition. • ) 



4/^ *-.-f. n ezz d 
m 



\/ p a — X e zz % 



To find the Value of # m the firft Equation^ riife it to the 
fecond Power as in the laft Qucftion. 



X ©■ 2 



4 X m 



h «^:=i d d . 

m 



3— «/V4 I ^::zdd—ne 

m 



azz rndd-^ m no 



To find the Value of a in the fecond Equation, raife if to 
the fecond Power as before. 



2&- 2. 



^e Method ofrefohing ^ejiions^ &c. 

6 

7 
7-.)^ 8 



*59 



2©-2 

6 ^--^^ 






Now make the fifth and eighth Equations equal to one ano- 
ther to exterminate a* 



.81 



ZZ+Af^_ J J 



gxp 
lO'-^pmn i 



Then by the 



10 

II 



z z '■\*,xizzp mdd — pmne 

p7nne-^%%'\'Xezl.pmdd 

12 I pmne + xezzp mdd — zz 

*pind d-^^ zz r> J ■ t 

e zz: C . zz 4 rounds, the 

. pmn-^^x (Debt of B. 

eighth- Sl€p. 5 i ^1 p (Debt of A. 



|X3 



PROOF. 






10. 



Queftion 54; Tivo Mm A and B going to Market with Eggs^ 
if the Number of Eggs that A had was multiplied by 6, to which 
adding roc, and dividing this 'Sum by the Number of Eggs that 
B hady the ^otient is i6: 

Jnd if from 9 times the Number of Eggs A had^ is fub^ 
Jiralfed 4 timis the Number of ^ggs B had^ there remains 350. 
How many Eggs had each P^rfon ? 

Let tf =: ^he Number of Eggi A ha J, e = the Number of 
Eggs B had, rf = 6, m == 100, ^ = 16, 3 = 9, ^ = 4, 

2 = 350. 



X% e 



I 

2 


da-^-m^^-y^ 

/ — ^ ^By the Queftion. 

b a — X ezzz^ 


3 


d a -^^ mzz pi 



3 — « 



*i6o ALGEBRA,. 

d a zi~p e *^m 
a = — t 



Make the fifth and feventh Equations equal to one anothei! 
to exterminate a. 



3— « 


1 

4 


4^^ 


5 


2 + *<f 


6 


6-^* 


7" 



5-7 

9 x^ 
XO — dxe 

II +^IW 

I2^bp — dx 

By the feventh ^ 
Step. S 



8 



10 

II 

12 

13 



H 



d z + d X e 

^'~« = — T 

^^^ — Bmzzdz + dxe 
bps — dx e — b mzz d z 
bpe'^^dxeindz '^ b nt 

f tz f[±±A^ , = 25, the Number 
bp — dx (of Eggs B had. 

aTz: ?"^^/ = 50, the Number of 
* (Eggs A had. 



PROOF. 

f>^ + ^oo = 16. 

9 a— 4* =350. 

Queftion 55* Two Perfons A ij«i B hfmg at the Gaming- 

^dbte^ were asked how much they lofty to wUch K replied j that 
if the Number of Pounds I loft be multiplied by 3, and adding 
100 to this Produ^y if this Sum is divided by the Number of 
Pounds B lofty the fquare Root of this ^otient wiU be 10 
Pounds : 

But if the Pounds B loft is multiplied by 250, from which 
Product fubftraSfing 600, and dividing this Remainder by the 
Pounds A left J the fqucre^Rcot cf this ^totient will be 2 Pounds. 
H6w much hdd each P erf on loft ? 



Let 



^e Mefwd ofrefohirtg ^e/Hom^ fiff . i h 
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Let a = the Pounds A loft, e = the Pounds B loft, ^=; 3> 

^=;=I00, «=:I0, A'i=250, 2: = 6oO, b^=^i. 



^ 1 — IT: n 



e 



^^HEi-b 



By the Queftion* 



To find the Value of a in the firft Equation, raife k to the 
iecond Power by Art. 49. 



I ©- 2 


3 


da + m _^ 
-I — zz nn 

e 


3*e 


4 


* . 1 . 
da -^mii.enn 


4—.m 


5 


d azn en n — m 


S^d 


6 


^ e n n — m 


d 



To find the Value of a in the fecond Equation, raife it to 
the fecond Power by Art. 49. 



2 ©■ 2 


7 


n X a 

i-i-bb 


8 
9 



X e 



a 
X e — % 
X e — z 



bb 



bb 

abb 
a 



Make the fixth and ninth Equations equal to one another, 
to exterminate a* 



6. 9 



10 



enn — m ,^x e 



■■'■» . 



to X d II ' enn — w = 



bb 
d X e — d z 



II xbb 



12 



bb 
bbnne — b bm = dxe — dz 



Becaufe dx^ one Co-efficient of ^, is greater than bbnn, the 
Other Co-e£Bcicnt of /, ihe.efore tranf^polc bbnne, by Art. 52. 



«-* 



|62 

Or 

t/^ + dz 

l^-r-dx — bbnn 
By the ninth Step 



A L G E B R J. 



13 
16 



17 



— bbm—dxe — d% 

dxe — d% — bbnntz 

dxe — bbnne=sdz' 

Vz — bbm 

e — -r rr — — 4, 



dx — bbnn 



azr: 



xe 



bb 



= 100, 



"bbntie 
: — bbm 
'bbm 

# 

the Pounds B 
loft. 

the Pounds A 
loft. 



PROP F. 



J%y> e — 600 



= 2. 



Queftion 56. In the right-angled Triangle ABC, there is 
given the Bdfe ABzz4, and the Difference between the Hypo- 
thenufe A C and Perpendicular B C =: 2, To find the Hypo^ 
thenufe A C and Perpendicular B C ? 

Let AC=:tf, BC=^, AB=*=4, »i=2. 

Q Having put Letters for the three 
Sides of the Triangle, and amongft 
thefe there being two unknown 
Quantities a and e^ therefore we 
muft raife two Equations either from 
the Properties of the Figure, or from 
the Conditions of the Queftion. 
And in the Solution of Geo- 
metrical Queftions, I would recom- 
.B mend it to the Learner, that after 
all the Parts of the Figure which 
are neceffary to the Solution of the Queftion are exprefled by 
Letters, to obfervc how many of them are unknown, for gene- 
rally fo many different Equations are raifed from the Properties 
of the Figure, or the Conditions of the Queftion ; afterwards 
the Work is regulated by the Rules already given. 

Now from the Property of the Figure, the Square of the 
Kyjpothenufe AC, or ^ ^, is equal to the Square of the Bafe 
A B, or hb^ added to the Square of the Perpendicular B C, 
or f /- by 47 ^ I. ' 

That 




^e Method ofrefohing ^ejticns^ &c. 1 63 

That is I* I I aaizbb + ee from the Property of 
I 1 the Figure by 47 / i. 

Becaufe by the Queftion, the Difference between the Hypothe- 
nufe A C> or a^ and Perpendicular B C, or e, is zz 2, or m» 



Hence I 2 



a — e-nm by the Conditions of the 
Queftion. 



Having ratfed the two Equations, proceed as in the former 
Examples, that is, firft find the Value of a in the firft Equation, 
^ the Extraction of Roots, as at Art. 50. 



I uw 2 I 3 \a'zi\/ bh-\r ^^ 

V 

Now find the Value ola^ in the fecond Equation^ 

^4-^1 4 1 « = « + ^ 

Make the third and fourth Equations equal to one another^ 
to exterminate a. 



3'4l 5 Xm-^re — s/hb-^-te 

Becaufe e the unknown Quantity is under the radical Sign, 
and there being no other Quantities on the fame Side of the 
Equation with it, that are not under the radical Sign, therefore 
fquare both Sides of the Equation as at Art. 49. 



5©-2 

7 — mm 
8^2m 

By the fourth Step 



6 


7 
8 

1 

9 


10 



mm+2me'\^ee:zibi'\'ee 
mm-ir 2meizbb 
2me = b b'^^mm 

e = tlZZHH zz 3, the Perpendicu- 

2^ (larBG. 

azzm + ezz s^tht Hypothenufe A C. 



To prove thefe are the three Sides of a ri^ht-angled Triangle, 
fquare the Hypothenufe 5, and fee if that is equal to the 
Square of the fiafe 4, added to the Square of the Perpendicular 
3 5 for this is the celebrated Property of the right-angled 
Triangle to have the Square of the Hypothenufe equal to the 
Sum of the Squares of the Bafe and Perpendicular. 

Y a V Queftioa 
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Qyeftion 57. In the right-angled 
Triangle ABC, given the Perpen- 
dicular BC.:;f 3, and the Difference 
between the tfypothenufe A C, and 
Bafe A B = i. To find the Hypl 
thenufe A C, and B.afi B A ? 

Let A C = ^, B C = 3 = J, 



B AB==^, ;^=i. 



Then 
And 



I 

* 



qa:=:bb + eey by the Property of t{ie 
' Figure, as in the laft Queftion. 
a — ezizx by the Queftion; 



There being as many Equations raifcd from the Property of 
the Figure, and the Conditions of the Queftion, as there are un- 
known Quantities, the Work proceeds upon the fame general 
Kulesj thus 



1 wi 2 

2 +e 

3-4 

5 ©"2 
6' — ee 

7 - — XX 

8-H2 A- 



By the £pvrth Step } IQ 



4 [ azzix '{-e 

5 
6 

7 
8 



xx-\'2xe'\-ee=^bb'\'ee 
xx'\'2xe'=:bb 
2xe'=zbb — XX 

bb—xx_^^ the Bafe A B. 






2X 




tfr=:^+^ = 5, the Hypothenufe AC. 



Queftiqn 584 In the right-angled 
Triangle A 3 Q there is given the 
Hypothenufe 'AQz=: Si the Bafe AB 
=4, and the Perpendicular BC=^* 
to find the Perpendicular B D, kt 
fall from the Angle B, upon the Hf* 
pothenufe A C. 

Let AC=i-=5, AB=iw=s54, 
BC=;^=3, DC=:tf, AD=/. 

The 
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The Queftion requiring that we find BD, *if we find C D 
we can anfwer the Queftion, for the Triangle B D C being a 
right-angled Triangle, B D being Perpendicular tQ A C, con- 
fcquentljf' BO being known, and hy findings PC» we fhall 
afterwards eafily find D B, by the common Property of the 
Triangle, 

It is exaftly the fame, if we find AD, for tibe: Triangle 
A D B is right-angled, and A B is given by the Queftion. 

Now B D being a Perpendicular common to the two Tri- 
angles A B D, and B D C, let BD zi ^, then from the right- 
ineled Triangle A B D, we have mm — eezzppy and by the 
rignt-angled Triangle CBD, we have xx — aaizpp^ from the 
lame R«^oning as in the two laft Queftions. 



Conlequeatly 



And 



»+««[ 3 
j^^mm\ 5. 



2 — e 

6 .7 

8©- 2 

9 — e e 

J0 + 2he 

It + mm 

12 — XX 



? 

8 

9 

10 

la 
13 

14 



mm — eezzxx — aa for both mm — e^ 
and XX — aoy are each equal to the 
fame Quantity p p^ and therefore 
equal to one another. 

a + e=b, that is, AD-}-DC=AC 
by the Figure. 

To fiad the Value of ^.in the firft £qua«* 
tion. 

aa'\'mm — ee:z:xM 
aa'\-mmzzxx-{'ee 
qgzssiXX'^re.e'r^ mJiL * 

a:=iy/ xx-^ee — mm 
Now find tnc VsJue of ii in t&e (ecoful 
Equation. 



xx'\-ee — -mmizbh — zbe-^ei 
xx'-r^mtnzzbb^ — 7.be 
Tib e-^- XX — mm^zzbk 



%be + xx:zzbb-\'mm 
^be-rzbb-^mm — xx 

^_bb + mm — xx ^ ^.^ati 
^== — ■ . , „ ■ I =33. 2:^AD 

2 b 



Having found AD to be 3 . 2 it will be. cafy to find D Br 
by what was (aid above. Thus, 

16 the 
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s6 the Square of A B. 
— 10.24 th e Square of A D. 

5.76 (2.4 == D B, the Perpendicular required. 

4 

J76 




•J5 Queftion 59. /» /iS^ «^ 
A^^^ Triangle A D B, /Aw 
is given the Side AB s= 15^ 
the Sidi B D =: 12, and ibi 
Side AD = 6, to find tk 
Perpendicular B C falling 
without theTriangU from the 
Angle B, on the Side AD, 
continued. 

This Queftion will be 
anfwered from finding D C, 
for the Triangle BDC be- 
ing right-angled; and DB 
being known from finding 

_ _ D C, we may then find 

-A O C BC from the common Pro* 

perty of the Triangle D B C, as in the laft Queftion. 

Let A B z= * = 15, A D = « = 6, D B =: ;p = 12, 
DC = <i, thenAC=AD + DC=w+^, BC=^. 

« 

Becaufe the Triangle ABC is right-angled, therefore if from 
the Square of A B, or * i, we fubftraft the Square of A C, or 
mm'\'7.ma'\-aay the Remainder is equal to the Square of 
C B, or ^ e. 

Therefore | i | hh — mm — ^ma — aa'zz.ee. 

. Becaufe the Trianglt D B C is right-angled, by the fame 
Kreafoning we have 



Again | 2.| xx — aa^=iee* 



And 
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And as the firft and fecond Equations are each =^^, there- 
fore make them equal to one another, which exterminates every 
Power of / In. thofe Equations. 



1.2 

5 — ** 


3 

4 

5 
6 


6-r-2»» 


7 



XX — aa'zzbh-^mm^^T.ma — aa 
xxzzbb — mm — 2ma 
2ma -^-xxi^bb — mm 
xmazzibb — mm-^xx 

bh — mm — xx . r\rf 

2m 



And from hence we m^y find B C as was faid above, thus 



BD, 01 xzi 12 

\2 



DC, ortfZZ3.7S 

375 



144 



187s 
2625 
1125 

14.0625 



X44. 
14,0625 
129.9375 (^ ^-39 = B C, the Perpendicular requircd- 

X 



21)29 
21 



223)893 
669 



2269) 22475 
204 21 

2054 



Of 



> 
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Of ^adratk Equations. 

> 
36.\T7 HEN all the known Quantities are on one Side of 
W the Equation, and thofe Quantities only on the oitherSide 
which have fome Power of the unknown Quantity j then if tbe 
unknown Quantity appears to be to the fecorid Powgr or Squart 
in one Tern>, and to thtfirji Power only in anothel* Tf*erm ; or 
if in one Term, its Power or Heigtb is double its Power or 
Heighth in another Term, and there is no other Power of the 
unknown Quantity in the Equation, .thefe Equations are oRd 
^adraticy as in the following Queftions. 

Qucftion .60. Two Men hadfuch a Number of Shillings^ thai 
the lejfer being fviJlraSied from the greater there remains 10 : 

But the Number of Shillings one Man had multiplied if 
the Number of Shillings the other Man hady the ProduQ is 75. 
To find edch Man^s Number of Shillings ? 



Let a r= the greater Number of Shillings one of the Men 
bad, e ^= the leiTer Number of Shillings the other Man bad) 
i = 10, « = 75. 



Then 
And 


I 
2 

3 , 


aezzm J ^ 


'+' 


azzb-\'e 


2 -r- * 


4 


m 
azz - 

e 


3-4 


5 


e + b='l 
e 


Sxe 


6 


ee-^-bezzm 



From comparing the fixth Equation, with what is faid above, 
it appears to be ^adratic^ for one Quantity is e e^ ox g to the 
fcc6nd Power, and in the other Quantity it is only r , or ^ to 
the firft Power, 



And 



And to refolvc this Equation, take b the Co-efficient 
of / to the firft Povsjifet, and diyide it by % the. Quotient is 



-, which fquare or multiply by itfelf, and the Produft is 

— , which add to both Sides of the Equation^ thus 
4 ' 



bcu 



4 4 



The en in the Regijler fignifies, that the fixth Step is made 
^ &uare at th^ Seventh Step, or the Square is compleaud* 

Now if we compare theSide of the fiquation ^^ -f-^ / + — ^ 

with fiKne of the Examples at Art* 34; we: fliall find this Side , 
of the Equation to he^z, rational Q^^antity^ or a Square, now 
extrad the fquare Root of both Sides of the Equatioh : 



7 «w i 

> * • 


8 

9, 

1 


^b_ f^j^hb 

-2 _ . 4 

■ : 4 ^ 

111 


. 1a Numbers. 


— =25 ' ^ 

■■ . liT...'.., ! — . ■■ 


• • 


• 



100 the fquare Root of which is to 



-5 = -r 



5 zz ^, the Number 
(of Shillings. orife of the Men had. 



m 



Then by the fourth Step ^ ir - :^ 15, the Number of. 
Sl^Ulifiig;^ the other Man had^ 

PROOFi 



1^0 



ALGEBRA, 



PROOF. 



4 * 



4> — / =Z 10 

tf ^ = 75 

Queftion 6i. ^bere are two Numbers^ if the Square if 
the kjfer is taken from the greater j there remains 36 : 

But the greater being added to 6 times the leffer^ the Sum is 
X48. What are the two Numbers f 

Let a rr the greatier Number, ^ =: the Icflcr Number, 
iz: 36, mzz 6,. xzn 148. 



Then 
And 


I 
2 


2 — me 


3 

4 


3-4 
v + me 


5 
6 

7 



+'«.'.=M^J'*^*^"'*'°"' 



a zn X — me 
i + e e :z: x-^m e 
e ezz X -^m e — b 
et'^me'zzx'^b 



The unknown Qiuntities being ^brought on one Side of 
the Equation, the Equation appears to be ^adratic^ by 
Art. 56. 

Now the Co-efficient of the firft Power of / b «, 

which divided by 2 is — , this fquared is — , and- adding 

2 4 

^— , to both Sides of the Equation as in the laft Quei);ion, 

4 
we have 



7^ 



°i 



8 



mm 



me-\- — =: AT 
4 



* + 



mm 



The 7^0 fignifics that the feventh Equation is made a com- 
pleat Square^ at the eighth Step. 

And extra£ting the Roots of both Sides of the Equatton^ 4» 
\Si the laft Queftion, 



8uu2 
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8 



itti 2 



9-f 



m 



i» m 



By th^ fourth Step 



10 



2 ^. 4 



«n m 



m 



4 2 

(the lefler Number. 

II I «=* — mf:=. 100, the greater Num- 

(bcr. 

PROOF, 

a — ^ ^ n 36 
tf + 6 ^ =: J48 



Queftion 62. /;/ /ii^? Parallellogram, A BCD, If from the 
longeft Side A B multiplied by 3, is fubftraSfed the Square of 
the lejfer Side B C, the Remainder will be 5 : 

But if the greater Side A B is added to 4 times the lejfer Side 
B C, the Sum is 30. To find the Sides of the Parallellogram A B, 
findBQf 



6 




Lettf=AB, BCr=«, </=!:3, »i=5, *=:4, *=3o. 



3-^rf 



-2 da = ?« 4- ^ / 



q.—ze\ 5 /2 = ^ — s# 

Z2 



4-5 



jiXiGEBRA. 



% 



4tS 

6x^ 



^z±ts^^ 






2(!^. 



e'e lr± d X — dx^-i^rh 
e e '\' d % e ':A d x^- m 

Now the Equation appears to be ^iadrditc by Art. 56, 
and the Co- efficient of, ^ Is ^/ 2:,, which divided by 2, is 

f ji jj rf> tir ■ , , t 

~. this fquared is — , which added to both Sides 

of the Equation, as in tie two laft Examples, we have 






10 



,,+dzc+id:^±dx^m4^i^ 

4 . 4 



Artd cxtraSing the Roots of both Sidits of the Equation, as 
lA the two laft Queftioris, 

cl ' 

/ 



I0yjy2 II 



H— — 12 



FromtbcfifthStep 13 



. dz /j . ddzz 

^ •+- — r zi k/ d X'-^m + — i, — 

2 4 



ezz^ydx — 



- -, d-d-Kss- dz ■ 
m-f- — — : — --z:j 

(=BC, 



azzx — 2;^zz ion AB. 

PROOF. 

3<7 — ^^ = 5 



Queftion 63, Tic/^ Gentkmefi having had their Parks furveyed^ 
had loft the Auaunt^ 4?ut remember fd^ thnt'if/the Number of 
Acres ih A's Pari was added to the Number of Acres in B*J 
Park^ the. Sum was up ; 

But if the Number cf Acres in B'i )Par\ was multiplied by 
80, from which Product fubftraEling the Squctre of the Number If 
Acres in AV Part^ there , remained 40Q. How many Acres was 
there in each Park ? 



Let 
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Let ^rs- the Number of Acres in A's Park,, ^ sc thtf^ Niun^ 
bcr of Acres in B*s Park, ^ = n o, w = 80, x '= 400. 



I— 17 

3-5 

6 X m 

o + ma 



I 

2 

3 

+ 

5 
6 

7 
8 



mt^7/=4^J'*^<^«*^ 






m 



X -^aa , 



m 



aazzmlf — ma^-^-'x , 
aa-^-mazzmb — x 



Here the Equation appears ^wdratlc^ 'arid compleatoig the 
Square as in the former Examples, wc have 



(jcU 



10 



mm 



ni\n 



Y 



4 4 



a ■» < 

• • _ I . 



^ And exfraaing the fquare Roots of both SFd^ of tlw Equa- 
tpn, as in the laft Examples. '^ ' • 



lOWi % 



ii-f! 



From the third ? 
' 5tcp. \ 



II 
12 



13 



2 ^_ __4 

4 - a 
(the Number of Acres in A's Park* 

e':^'i — «= 50, the Number of Atre* 

(in B?s Park. 



PROOF.. 

<» +■# = no 

Zo e -^ a a =. 4.00 



32jr 



1/4 ALGEBRA. 

Tbe Manner of fubjlituting one ^antity for JSveml 

others explained. 

57. Bat if after the Work is prepared for having the Squan 
CfmpttateJ, it appears that the firft Power of the unknown 
Quantity is in more Terms than one, it will be more conve- 
nient to fubjlituti fome other Letter, for the Co-efficients of the 
firft Power of the unknown Quantity, as in the following 
Examples* 

* 

Qucftion 64. A Gentleman propofed U give his two Sons A 
and B, each an Eftate^ on the Condition^ they could t^U him what 
were their RentSy by knowings that if the Square of the Rent 
of the Eft ate he intended to give A was added to the fame Rent 
multiplied by 7, and this added to the Rent of the Eftate he 
intended to give B, when multiplied by 4, this Sum would bt 
4320 Pounds : 

But if the Sum of the Rents of t^f two Eftates was 'ditftded iy 
10, the Quotient would be 11 Pounds. What was the Rent of 
wkB^atef 

Let a s= the Rent of the Eftate A was to have, / = the 
Refit -of the Eftate B W4s to have, ^ = 7^ tn^^x 4^^ 422O1 
pzHtOy xzzit. 



I 

2 



aa'{'ba'^mez:zd 

tf + ^ — C By the Queftion, 



Thefe being the two Equations which arife from the Que« 
ftjon, and becaufe the Terms are more ftmple that have the un- 
known Quantity e, than thofe that have the unknown Qiiantity' 
0y it may be mpre convenient to find the Value of ^, in each 
j:^ thje two given Equations. This Caution the Learner may 
obferve for the future, to find the Value of that unknown 
Quantity whofe Terms are the moft fimple in the given Equa- 
tions ; and they may be taken for tb« more fimple, whofe Powe^ps 
are the loweft in both the Equations that arife from the Quf* 
ft ion ; thus, if one of the unknown Qui^ntities is only to the jSrfi 
Power in both the given Equations, when the other unknown 
Quantity is to the fecond Power in one of the given Equations, 
^*hm Terms of the fermcr may be fak) to b^ ipor^ fimple, and 

the;e « 
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therefore beft to find the Value of that unknown Quantity : the 
Reader will find this Method obferved iti the following Que* 
ftions, and comparing their Work with what is faid may make 
this Diredion more intelligible* 



I — ba 

6— a 

S-7 
2xm 

10 +ha 
Xi — mpx 



3 

4 

5 

6 
7 
8 

9 
10 

II 

12 



aa'^mi':^d — ha 

mezzd — ba — aa 

_^ d'^ba — aa 

m 
a-^'i'iZLpx 
izzpx — a 

px — azz^ 



ho'^da 



m 



mpx^-^mazzd — ba — aa 
aa-^mpx — tnazid'-^ba 
aa'\-ba'\'mpx — ma'zzd 
aa-^-ba — mazz^d — mpx 



Here the Equation appears to be Quadratic, and the firft 
Power oi a is in two Terms, viz. b a and m a, the two Co- 
efficients being b and m, and connected by the Sign -— . 

But ^ and »7, being known Quantities, therefore b — m = 7 
— 4r;3, now fubjlituu^ or put zi=3, or %izA— ;», then 
the laft Equation is. 

By SuUlitution j 13 | aa'\'%aizd — mpx\ for by Sub- 
ftitution xa'zzba — ma^ and therefore in the Room of ba-^fna^ 
^ weufe only za. Now taking ^ for the Co^efficient of a, 
and compleating the Square as tefore. 



13^0 

I4iui2 



By the feventh ) 
Step. J 



14 aa-\-za + — =.d'-mpx+— 

4 4 

2 4 

^o azz^d—mpx^ ' ; — ->iz 60, 

4 ^ 

the Rent of the Eftate which A was 

to have. 

17 1 ^iz^A'-^^nso, the Rent of the 
1 (Eftate which B was to have. 



PROOF. 



1^ 



ALGEBRA. 



PROOF. 

a '{' e 



iz II. 



10 



It may be juft oblbrved to the Learner, that tbc Method of 
Sub/iitution Is only to fave Trouble and Labour, for after the 
twelfth Step, if we had not fubftituted b — mzuZy then to have 
compleated the Square ^ we muft have divided b -^m^ the two 

h — tn 

Co-efficients of « by 2, the Quotient of which is , which . 

2 

fquared is ■ . — >; and this raiuft have been added td 

both Sides of the Equation, 'wherc^^hy /ub^ituti/^ i'~!'mzzZj 
the Quantity to be added on both'^oides of tie Equation is 

^»i zz ^ •- 

4 

Queftion 65. J Draper bought a Parcel of Lineftj and d 
Parcel of WocdUn Clothe if the Square of the Pounds he gave for •. 
the Linen Cloth be divided by 4, and to this ^otient tSere is '' 
added the Pounds each Sort coftj the Sum it 1000 rounds : 

But if the Pounds the Linen coft is added to the ^otient if 
the Pounds the Woollen coft^ when divided by 8, thi Sum is 65 
Pounds. How much was given for each S^rt ? 

Let a r= the Pounds the Linen coft, e rr thp Pounds tha 
Woollen coft, ^=4, ^=:ioooi ^i^irS, ^=65, 



X — ^ 

aa 

3-T 



3 



1 4 




By the Queftiortt 



b ^ 

J -aa 

b 



^xm 
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7.Xm 
5— ma 



4. 6 



7 + 



aa 



b 

loxb 



5 

6 

7 
8 



10 
II 



ma-^e-nmx 
ezizmx — ma 



J aa 
mx — ma :=zd — a 

b 

— +mx — ma:zid — a 
b ^ 

n — -{-aA-mx — ma::zd 
^ b 



aa 



b 
aa+ba — bmazzbd^bmx 



Here the Equation appears Quadratic, and tlie firft Power of 
the unknown Qj^iantity n, has two Co-cfijckms b and b m^ 
both which are known, but b — bmzz^.^ — 32r:—- 28, 
therefore as — 28 is a negative Quantity, fubftitute — 2;^: — 28, 
or — zzub-^bmj then the laft Equation becomes, 

By Subftitution | 12 | aa — zambd — bmx, for ba-^-bma 
is a negative Quantity, bm being greater than b : And com- 
Ipleating the Square as before. 



l2cD 



ZZr 



z=b d — bmx + — 9 

4 4 

for — - X — -=-1-.^-:::^, by Art. 9. 
a 2 4 



And extrafting the fquare Root as in the former Queftions, 



13 *w 2 



By the fixth E- 
quation. 



! 



H 



X4+- 15 



16 



— -. zz^y/bd — bmx-f- — • 

2 • , 4 

aiz.y/bd — bmx '\-^-~^\ +- rz 60 

4 2 

(Pounds, the Linen coft, 

^zz: mx — m a ■=. \o Pounds, the 

(Woollen ccft. 



A a 



P R O O ?. 



178 



ALGEBRA. 



a a 



4 



PROOF. 



4. tf + / = lOCO. 



T^o refolve a ^adratic Equation when the Square of 
the unknown ^antity has a Co-efficient. 

58. But if the Square of the unknown Quantity has any 
Co-efficient beddes Xlnity or i, then before you begin to com' 
pleat the Square^ divide every Term in the 'Equation by 
that Co-efficient, after which compleat the Square, and proceed 
as before. 



Queftion 66. To find two Numbers^ that the Square of the 
greater being multiplied by 4, if this Produ^ is added to 3 times 
the lejfer^ the Sum may be 1606 : 

But if 5 times the greater is added to 6 times the leffer^ the 
.Sum may be 112. 



Let a = the greater Number, e r= the leffer Number, 
^ = 4, ^i=3, OT=i6o6, ^ = 5, *'=6, 2=112. 



I —baa 
2 — pa 

4 . 6 
r X X 



I 

2 

3 

4 
5 
6 



8 



^r+ttT? By the Queftion. 

dezzzm — baa 
m — baa 

d 
xe^^z — pa 
% — pa 

X 

z — pa m — baa 



z^pazz 



xm — xhaa 



ixd 
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g-^ xi a a 
10 — rfz 



9 
10 

II 



dz-^dpaizixm — xbaa 
xbaa-^-dz — dpazzxm 
xbaa — dpazzxm-'^dz 



The Equation appearing to be ^a4rattc^ and all the known 
Quantities, except thofe which contain the unknown one, being 
on one Side of the Equation, divide by the Coefficient of the 
higheft Power of the unknown Quantity. 



ii-^xb 



12 



aa 



dpa xm — dz 

xb xb 



To avoid the Trouble of dividing -^, the Co-effiqient of 41 

xb 

by ^, and fquaring the Quotient, and adding it to both Sides 

of the Equation to compleat the Square, as in the former 

Queftions, fubftitute — ri;: — -J-ZI-1-.625 then, 

9C u 



By Subftitution 



13^ a 



13 
14 



aa — ra'ZL 



xm — d% 



xb 

, rr xm — d% , rr 
aa-^ra-] rz- j. 1 

4 ** 4 



Now extracting the fquare Root as in the laft Queftion. 



14U11 2 
^5 + r 

2 

By the fixth Step 



I 



IS 



16 



^7 



r /xm — dz . rr 

a—^zz^ ---H 

2 xb 4 

^xm — dz , rr^ . r ^ 

^ xb 4, 2 

(the greater Number* 

e zz ^ ^^ n: 2, the lefler Number. 



PROOF. 

4 tf <7 + 3 ^ rr: l6c6. 
5 tf + 6^^ ZZ 112. 



Aa 2 



Q^icftloa 



l8o 

Teblts. 



ALGEBRA. 



QucHioh 67. Tio. Gam,Jlm A W B Mug at It, Gmm- 
lUi,, upin mnparmi Ihdr U£'«, ftund, thai if ih, Stmritf 
the Pand! A kjl ,a, mullip)UJ b, 5, ai Ihi, fniuCI ndiid I, 
6 tmis thi Ptuai, B hJJ, the Sum was 5+8 Pmndi ■ 

BaiftbiPand, A hf was mullipliid b,. 3, and I, Ihi, P„. 
ifil addmel/,, P,„,d, B If m,,llipli,di,-,, Ih, Sumwastf, 
Peunds. Tifind Ihe Ufi tftachf * 

Let ,■ = the PounJs A lo«, , = thi Pounds B loft, « i , 
m=ie, '/=548, « = 3, z=2, r = 46. 



4-6 

7 X m 



Q + a 



xaa-\~mezzdt ^ 



:r~ia 

r — ia 



r—ba _d-~xaa 

rm~~mbn_, 

■ — d — xaa 

z, 

rm — mba^=zd—%xaa 
^>:aa-lf.rm~mba~xd 
Zxaa — mbazzxd — rm 



v,de by ,hJco-dEci«, of uXw'p?* °' "" '='!"•«■'■• "'- 



a^—'H^^^d—rm 

Subftilute -~p~~'^=.~ 

X X 
aa—f^- '"l—'-'< 



By Subftitution 
13 <D 



^»-_«. -[■//>- »■'-'■»■ I ft 
4 z* 4 . 



Jtmt 
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X4ttti 2 



3y the fixth Step 



15 



16 



17 



a_?—V2 ''—'•»' _!./*/• 



ZAf 



4 



•zd—'rm 



zx 4 , 2 

(Pounds, thife Sum loft by A. 

—II — zz 8 Pounds, the Sum 

^ (loft by.B. 



PROOF. 

5 J « -f- 6 ^ =5= 548 
3 tf 4. 2 tf = 46 

Queftion 68. Two B rot hers j A and B, trying edch other's 
Skill in Algebra J fays the eldejl Brother y the Sum of our Ages 

is 45 "• 

But fays the yotmgejl^ if they are multiplied together y the Pro^ 
iu£f is 500. What is the Age of each of them ? 

Let a = the Age of the eldcft, ^ = the Age of the youngeft, 
/ = 45>J^ — 500, 



1 — e 



I \a A^ e :=z 5\ 



2 
I. 3 



2-r-^ 

3-4' 5 
5x^1 6 



= * r By .the Queftion^ 



a e 

a =^ 5 — e 

e 

P 

■t-== s — e 

■ e ., 



^ ^ 



Bfecaufe the^Scjuare of the unknown Quantity has the Sign --.^. 
therefore tranfpofe it, that the higheft Power of the (inknowit 
Quantity may have the affirmative Sign. 



6 + e e 

7 —P 
i-^se 



7 
8 



10 



e e + p zz s e 
£ e ^:z s ^;< — p 
e e "^ s ezi — p 

^tf — Jtf + -^ zz 



s s 



-P 



xouua 



I $2 



A L GE BRA. 



70tuj2 



+ 5 
2 



% tbc thin! Step 



II 



12 



13 




/=;i + v/ii~)>=: 25, rf^-/^^ 
2 4 ?^^^^ youngefi» 

azzs — ezz 20, /^^ -4r^ ^/"'^^ eld(fi. 



This Anfwer to the Qucftion contains an Abfurdityy for t that 
is ptit fqtr the Age of the ynungeji Brother is 25, when a that is 
put for the Age of the ^Idejl Brother is only 20. 



T!be two Roots tfS^adratic ^uatlons explained. 

59. And now we (hall explain to the young Analyjl that io 
every ^adratic Equation, the unknown Qiiantity has two 
Values or Roots, fometimes one is affirmative y ^Xi'^ the other 
negative^ and fometimes both are affirmative. 

There 2tTii three Forms of Quadratic Equations. 

The firft is the fixth Step of Queftion 60,. wherp we have 
€e -^ b ezum. 

And of this Form are the Equations at Qqeftion 61, Step 7, 
QueftioH 62, Step g. Queftion 63, Step 9, Queftion 64, 
Step 12. 

The fecond Form is the twelfth Step of Queftion 65, where 
we have aa — zazz.bd — bmx^ 

And of this Form are the Equations at Qiieftion 66, Step, i J. 
Q^reftion 67, Step 13. 

The Difference between thefe two Forms of Quadratic £qua« 
tions^ is only in the loweft Power of the unknown Qi^rantity 
having the Sign + or — , for in the fxrft Forin it has the Sign 
•4: it bc|ing i e^ but in the fecond Form it has the Sign — , for 
it is — %a^ And if the loweft Power of the unknown Qyanr 
. tity has feveral Co-efficients cpnne<Sed by the Signs + ^r — » 
as at Qiieftion 64, Step 12. Qi^ieftion 65, Step 11. Then if 
the Sum of the pofitive or affirmative Co-efficients, exceeds the 
Sum of the negative Co-efficients, the Equation is of the firft 
Farm : But, on the contrary, if the Sum of the negative Co- 
efficients, exceeds the Sum of the pofitive or affirmative Co* 
effiicientSj f^en the Equation is of the fecond F^rn^^ 



B4f 
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But the third Form is the ninth Step of the laft Queftion, 
where we have ee^-rsezz — ^, which differs from the other 
two Forms of Qi^iadratic Equations, in this, that if the Side of 
the Equation which is known, confifts but of one Q;_iantity as in 
the prefent Cafe, it has the Sign — , and if that Side of the 
Equation confifts of feveral known Quantities connedled by the 
Signs + o*" — J ^^^' ^^^^ ^^^ Sum of the negative Quantities 
are always greater than the Sum of the affirmative Quantities ; 
but in the firft and fecond Form^ if there is but one known 
Quantity which compofes that Side of the Equation, il wiJl al- 
ways have the affirmative Sign, and if there are feveral known 
Quantities conneded by the Signs + or — , that then the 
Sum of the affirmative will always exceed the Sum of the 
negative Quantities. 

Now of the two Values or Roots of a in the firft and fecond 
Form of Quadratic Equations, one is affirmative^ and the other 
is negatively and as the negative Value in thefe Equations, 
does not come out in the Operation without a Miftake in the 
Work, therefore thefe two Forms of Quadratic Equations 
give the true Numbers required. 

. But the two Values or Roots of a in the third Form are both 
affirmative^ and the Anfwer fometimes giving one, and fome- 
times the other Root, and it being doubtful in many Cafes 
which of thefe two Values of a will anfwer the Conditions of 
the Quefticn ; this Form of Quadratic Equations is therefore 
called the Ambiguous Form. 

Before we (how the Reafon of thefe two Values or Roots of 
the unknown Quantity in Quadratic Equations, and how from 
having found one Number, or Value, the Learner may find the 
other Number ; we (hall explain the Divifion in Algebra , where 
the Quotient confifts of feveral Quantities connected by the 
Signs + and — ^. 



60. Tlje Nature of Divifion explained^ when the ^otient conJiJJs 
of feveral ^antities connected by the Signs + <ir — • 

To render this the eafier to the Learner, let us refume 
Example i. Article 22, where we are to divide ah+am by 
tf, which being placed as ufual in common Arithmetic, thus. 



Now 
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Now the Number of times a may be 
had \n ab'xs bj that is, b is the Quotient 
oi a b divided by a ; place b in the 
Quotient, multiply it by a^ and place 
thcProduft ab as in common Dividon, 
and fubftrafting it from ab-^-am the 
Dividend, there remains a m ; then find 
how many times a will go in amy and I 
it is my that is^ m is the Quotient of am \ 
divided by ay and becaufe the Signs of 
the Divifor ay and Dividend a m are 
alike, therefore it muft be + ^> which 
being placed in the Quotient and mul- 
tiplied by Oy the Produdt is a my which 
placing under amy and fubftradting it 
from amy there remains o. 

Hence the Quotient is b -{-m* 

To divide A* A* -{-•*• ^ -]-•*' tf^ by x. 

x) xx-^-xm-^xab {x -{-m-^'ab 

XX 

xm-^-xab 

xm ^ 



a)ab + am f*-f * 



ab 



+ 4I« 



^am 



xab 
xab 



Here dividing a: at by ;p, the Quotient is Xy which placof 
in the Quotient, and multiplied by the Divifor x^ and placing 
the Produft xx under the Dividend, from which fubftra^ing 
it, there remains xm-^-xab. 

Then dividing xm by Xy the Quotient is w, or + fw, for 
the'Signs oi xm and x are alike, put -^mxn the Quotient, by 
which multiply the Divifor a?, and put the Product x m under 
xm-^-xaby and fubftrafting, there remains xab. 

Then dividing xab by Xy the Quotient is ab'y or +tf^, 
for the Signs oi xab and x are alike, put +^* ^n the Quotient, 
by which multiply the Divifor Xy and put the Produd xaby 
under x a by and fubftrafling there remains c, hence the Quo- 
tient is a- -f'^+<?^« 



To 
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To divide xx^^\-^xa'\'aa by a'+^« 



T' i ' » I ! > ? ■ ■ I ' ' ■ ■■' ♦!* ' 



xa-^aa 



o 

Dividing ^A**" by x^ the Quotient is x^ by which multiplying 
the Divrfor Jif + ^» the ProduS is <v;ir+Artf, which placed qnder 
the Dividend, and fubftraded there remains xa-^-aa. 

Then dividing xahy x^ the.'Qi?otient is a^ or + a^ for th<5 
Signs oi xa and a are alike, put -^ a \n the Quotient, multi- 
plying it by the Divifor a* + ^> ^^c Produ^ is xa^aa^ which 
put under the Remainder or Dividend xa^aa^ and fub- 
fira^ing there remains o, hence the Quotient is ;ir +/7. 

To divide a a — bb hy a -{-b. 

a^Jf)aa — bb{a — b 
a -{^ a b 



— ab — bb 
— ab"^bb 

o 

Dividing a a by 7?, the Quotient is a^ and multiplying the 
Divifor by ^, gives a a '^ a b^ this fubftrafled from the* 
Dividend leaves '^^ a b — b b i for here the Q^iantity a by 
which is to be fubftra<5led, is by the Rule for Subltra(%on, to 
have its Sign changed aini tlien added, bence -(-.^^ becomes 
ki the jRemainder ; — ab. 

Then dividing — a b by tf, ;the Q^iotient is — b^ for the 
Signs oi ab and a are now unlike; multiplying the Divifor 
tf + ^, by — bj and fubftracling the Produft — ab — bi^ from 
the Remainder, or Dividend '^-^ab — b b^ there remains .0, 
lience the Quotient is,^ — b. 

To ixwidt aa a — '^a a-x -{- ^^ ^ ^ — ^^^ ^Y ^ — .*'• 

^•— Of) aaa — 2aax'\-'^axx — xxx (aa — 2ax'\-'XX 

aaa — aax 

'jj ' ' ' i ' ' • % - 

— 7.aax'\'2^xx^-^xxx ^^ 

-^ 2a ax ^2 axx K - 

<— ^— — *— 11 ■■■— — — — ji— 

axx — xxTS 
axx'^xxjc 

o 

B b In 
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In thefe Divifions we may at Pleafure take any Term in the 
Dividend we have a Mind to ufe firft, and find how many 
times anv Term in the Divifor can be had in it, and when the 
Divifor k multiplied by the Quotient Quantity, we fubftradl it 
from the whole Dividend, that is, take any Term in the Pro- 
duft, from any Term in^the Dividend, without regarding 
whether they ftand immediately over one another or no. 

And to difcover how many times any one Quantity can be 
had in another^ we are only to confider into what Quantities we 
mud multiply that Term in the Divifor, to make it the fame 
with the Term in the Dividend, at which we afk thcQueftion. 
Or, it is no more than to find the Quotient, which arifes from 
dividing that particular Quantity in the Dividend, by the Quan- 
tity in the Divifor, which is done by the Rules in Divifion* 
Let us take the lafl; Example and change the Pofition of the 
Quantities, 

X XX -|" ^^^ 

aaa-^-Zaxx — ^aax 
aaa — aax 



■ ■ ■ ■■ ' i m 

7.axx — laax 
7.axx — 2aax 



O 
where we have the fame Quotient as before. 

The Truth of thefe Operations is proved as in Divifion of 
common Numbers, fpr if the Work is true, the Quotient being 
multiplied by the Divifor, the ProduA will be the given Divi* 
dend ; thus in the laft Example, 

xx-^-aa — 2a X is the Quotient. 
• — x-^-a 



'~^xxx'-aax']^2axx the Produft from multiplying xx-^-aa 

— 2a Xj by — X. 
axx-^aaa — 2aax the Produft from multiplying xx-i' 
' aa — 2axj by a. 



— XXX — 3tftf;(r4-3^A'iV-f ^fltf the fame with the given Di* 
vidend, for though they do not fland in the fame Pofition as 
in the Example, yet as the Quantities in each Term arc[ 
alike, and they have the fame Co-efficients, and connefled by 
the fame Signs, their whole Value, or Amount, mud be the 
fame. 
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^e Manner of finding the two Roots^ or Values^ of 
the unknown S^tfantity in ^adratic Equations. '' 

• 

6 1. Now to find the other Value of a^ in tht Amblguoui 
Quadratic Equation, Queftion 68. 

Take the Work at the Step immediately before you begin to 
tompkat the Square^ which is at the ninth Step, where the Ecjua- 
tion is - - - - ee — sezz — p 

Make this Equation equal to nothing^ ) . ^ 

by tranfpofing/: - - ^' \ ee-se+p-0 

Then put it in Numbers, and it is ee — 45 e + 5001= O 

By the Work we found - - # zz 25 

Make this Equation equal to nothings by tranf- / ^^ .^ 
pofing the 25, thus, - - - ^/25— 

Then divide /^— 45^ + 500 by ^—25, thus, 

e — 25) f^ — 4S^+50o(^ — 20 
ee — 25^ 

20^ + 500 



Hence the Quotient is e — 20, but as the Dividend is nothings 
for ee — 45^+50011:0 as above ; and as the Divifor e — 25 
is nothings for ^-r-25 iz o as above, it follows that the Quotient 
muft be nothings or equal to' nething, that is, #— 20r:::!o 5 then 
tranrpoHng 20, we have e zz 20, which is the other Value of e^ 
in this Quadratic Ambiguous Equation, therefore, I fay the 
joungeft Brother was but 20 Years of Age. 

And upon this Value of ^, if we take the third Step of the 
Work to the Queftion, that is, azus — f, we fliall find aiz, 25^ 
whence the eldeji Brother vvas 25 Years of Age, and thefc are 
the true Ages of the two Brothers ; for their Ages anfwer the 
Conditions of the Queftion, and it is a pdffible Cafe, whereas 
though the other Numbers anfwered the Conditions of th^ 
Queftion, yet it was impoflible for the youngeji Brother to be 
25, when the eldeji was but 20 Vears oldr* 

B b 2 From 
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From the Work of the Queftion wc found - ^^ ^ zr 25 
But liov^' we have found - - - ^ 3: iO 

The Sum of thefe two Vahics of /, is - - 45 

But obferving where we put this Quadratic Equation into 
Nunhfbers, and made it equal to nothings we fhall find the 
Co-efBcient of the firfl: Power of e to be — 45, but the Sum of the 
two Values of ^ is + 45, as atbove, and concerning thefe 
^adratic Equations, Algebraijis give us this 

SCHOLIUM. 

62. That in Quadratic Equations the Sum of both the Roots^ 
or Values of the unknoivn ^anttty^ is equal to the Co-ejicient 
of the loweji Poiveir of the unknown ^aniity^ at the Step //«- 
mediately preceding the compleating the Square^ but will have the 
contrary Sign ; that is, if the Co-efficient of the Idweft Power 
of the unknown Quantity has the Sign 4^, the Sum of both 
the Roots will be the fame as the Co-efficient, but will have 
the Sign — . 

And if the Co-efficient of the loweft Power of the unknown 
Quantity has the Sign — , then the Sum of both the Roots, 
or Values, will be the fame as the Co-efficient, but will have 
the Sign -|-. 

Therefore having found any one Root, the other Is eafily 
found* 

63. To find the other Value of the unknown ^antity in thefirft 
Form of ^iadratic Equations^ or where the Co-efficient of the 
lowejl Power of the unknown ^antily has the Sign +, it is done 
by adding the Value of the unknown ^lantity found from the 
Operation, to the Co-efficient of its lowejl Power ^ and to thtir 
Sum prefix the Sign — . 

Thus at Queftion 60, Step 6, the Co-efficient pi e^ \ 
is b, or / '^ 

To which adding the Vakje of ^, as found by that ? 
Operation - - - •- ^ S* 



The Sum is • • • * ^5 



And 
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And prefixing to this 15 the Sign — , and this is the other 
Value of e^ that* is /*il -s. f^,^ijirBich is zti imaginary V2\\^e 
off, it being abfurd for a pqfitivi Quantity to be equsu to a 
negative one. ■ 

However we (hall find this ii^Ui^nqry Value of e^ if we pro« 
ceed by Divifion according to theDir^ions at Art. 61. 

For the fixth Step, Queftion 60) is that which immediate- 
ly prececfe^ (hie coiApldacing^ the Square, where tlle'Eqitatioii 
B jt . — . ee^beizm 

Which is in Numbers - - ee-^-ioetz'j^ 

Trartfpofe75, to make the Eqttktion > , _ 

equal to ;?0/i&/;if^ - - 5 '"^7" 

By the Work we found •• . - - ^^5 

Tranrpofe 5^ to mKke this Equation equal to nothing e — 5 rz o 

Then dividliig ^f+io^ — 75 by e — 5 

» 

15'— 75 

15^—75 



Hence the Quotient is ^ -f" ^Sy ^^^ ^^ ^^ Dividend is equal 
to ncfthtng^ for ^^+^0^ — 75 ^^> ^^^ ^ ^^^ Divifor ^—5 
is equal to nothing, for e — 5 n: o as above, confequently the 
Quotient niuft b6 equal to nothing, that is, ^•4*15:1:0, by 
tranfpofing the 15, we have ezz. — 15 as before. 

For another Example of this Kind take Queftion 61, where 
the feventh Step is that which immediately precedes the com-' 
pleating the Square, the Equation being e e •^^m^zz'f — bf 
which being put in Numbers is - - ee--^6iZZllZ 

By tran^fpofing 112, to make the Equa- ? _i z: ,^ 

t ion equal to ;2&/i^//7^, we have - - ^ee-f- e ,«^q 

By the Work it was foi^nd - - * ^1 8 

Tranfpofing 8, to make the Equation equal tol ^^e 

iMiihgj Wt have - - - ^/5 — 9 

And divMibg to find the othet Root of ^^ as before* 
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• ii — ie 

14^— .1X2 

14 y — 712 



Hence tbc Quotient is i -f 14, which for the iame'Reafon as 
before, it is /+X4z:o, hence /n— 'I4, for the other 
Value of /. 

And this Value of e will be found by the Rule Art. 62. 



Thus at Queftion 61, Step 7, the Co-cffidcnt of / ? , 
IS m, or - - - - J 

To which adding the Value of e^ found at the ) ^ 

Operation - - * ^ 3 ^ 



The Sum Is - - - - 14 

Then by the Rule prefixing the Sign — to 14, we have 
— 14 for the other, or imaginary Value of /, the fame as 
before. 

Bnd if we add chefe two Values of e together, we fhall find 
their Sum anfwcr to the Stholium^ Art. 62. 

Thcfirft Valucof^ is - - • - 8 

* The fecond Value of ^ is - • - - — 14 



— 6 

Hence their Sum is the fame with the Coefficient of /, 
but has the contrary Sign, 

If the Reader has a Mind to profecute this Speculation, he 
may try Queftion 62, Step 9, Queftion 63, Step. 9. Que-* 
iHon 64, Step 12, or 13, which are Equations of this firft 
Form, as well as fome that follow them. 

To find the other Value or Root of the unknown ^an- 
tity in the Second Form of ^adratic Equations. 

* 64.' The fecond Form of Quadratic Equations, is when the 
Co^efficient of the loweft Power of the imknown Quantity has 
the Sign — 5 in this Cafe Juhftra£t the Co-efficient of the lewejl 
Power of the unknown ^aniity in the given Equation, at the 
^tep immediately preceding the compUating the Square^ from the 
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Falui of the unknown, ^antiiy found by the Work^ to the Re- 
maindtr prefix the Sign — , and it will be the other Value .of 
the unknown ^antity. Or place down the Co-efficient with its 
Sign *-9 to which add the- Value of the unknown Quantity found 
by the JVorky and to this Sum prefix the Sign — and it will be 
the other Value y or Root of the unknown ^antity. 

An Equation of this fecond Form is Seep 12, Queftion 65^ 
where we have aa — zazz.bd — bmx. 

Here the Co-efficient of tf, is — z, or - - —28 
And the Value of a found in that Equation is - +60 

The Sum is 32, but to it prefix the Sign — , and 7""^ 
It is — 32, the other Value of tf, which is imaginary > — 32 
as it has the Sign — . - - - J . 

And if we proceed by Diviflon according to the Diredlons at 
Art. 61. we fiiaH find this imaginary Vallue of ^. 

Thus if we take the twelfth Step of Qjieflion 65, which 
immediately precedes compleating the Square, we have this 
Equation - * . - aa — zazzbd — bmx 

Which being put in Numbers is - a a — 28^ zz 15(20 

Tranfpofing 1020 to make the E- 1 ^ . ^o 
Suadon ^ual to «/A/^ - - J ««-28«~i92o=o 

By the.Work it was found - - azz6o 

Tranfpofe 60 to make the Equation equal to ) , 

nothing - - - - J ^ OO — o 

And dividing to find the other Root of a as before« * 

a — 6c) a a — 28^ — 1920 (^ +32 
a a "'^60 a 

32 fl — 1920 
32 tf — 1920 



Hence the Quotient is a + 32, which becaufe tlie Dividend 
and Divifor are each equal to nothing, confequently the Quotient 
mud be equal to /^^/i'f;?^, hence - ^z + S^zro ~ 

By tranfpofing 32, we have - - - ^~ — 32, the fame 
imaginary Value of 4, as was found before. 



And 
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And if we add tbefe two Values of <r together, we (ball &n4 
their Sum agree with the SMium^ Art. 62. 

The Value of a found by (be Operation, Queftion 65, is 60 
The Valueof a now found is • - - — 32 

Thqir Sum is ^8, or -|-28, the fame Number as the 7 j. 

Co-efficient of «, but with a contrary Sign - •) ^^ 

Another Equation of this fecond Form is Queftion 167, 
Step 13, ^here the Equation is a^ — fa:zz — — 

Which being put into Numbers is - a a — i^Zazz Z% 
TranlboTing 82 to make the Equa- } 00 

t ion equal to nothing - - j «♦ « ^ .-o* o -6 — u 



Bv the Work tt was found - - - ia~io 

Tranrpoflng 10 to make the Equation equal to ) _ 

notbtng - - - - K ^^ 

And dividing to find the other Value of ^, as-rbcffore, 

a — 10) a a — 1^8^ — 82 (<? + 8.2 
aa — 10 a 

'- 8.2^^-82 ' 

•8.2^—82 



Hence the Quotient is a-{^S,2 which muft be equal to mthmgf 
for the Dividend and Divifor are each equal to nothingy but if 

tf-f"8.2ZZO. 

By tranfpofing 8.2 we have azz — 8.j2 which is the other 
Value of ^7, and it is imaginary becaufe it has the Sign — . 

The fame imaginary Value of a may be found by Art. 64, 
thus. 

The Co-efficient of iz, is - - - — l .-8 

The Value of ^z found by the Queftion, is - 10^ 

The Sum is - - - - -.8.2 

• 

Now to this 8 . 2 prefix the Sign — , and we have — 8.2 for 

the imaginary Value of a^ the fame as before. 

And 



And if thefe two Values of II are added together, thUSui^ 
will agree with the Scholium^ Art. 62. 

The firft Value of tf , is - -* - -^ 16. 
The fccfond Value of tf, w - • -*-— • —8.2 



Sum - - - • 1.8 

But the Co-efficient of ^ , iS — ' i . 8 

65. But in the cmbiguom^ or thi^d ^orm o£ 

Quadratic Equations, 

Ij^the Value of the unkndwH ^^mntity fiund ty ihe Operdtloii^ 
is fubjtrdifed from the Co-ejfciM of hs ktUefi PoWer\ at the 
Step imm^dtdteiy bifote the Squdre is compteated^ the Co-ejScient 
being fuppofed affirmative^ the Remainder is its othir ValUe^ 

At Queftiftn 68, Step 9, the Co-eftctent of /is /, Or 45 
The Value of ^, found by the Opertitioii, id - * 25 



The Remainder is the other Value of ^ - * go » 

And it is this fecond Value of e that is the true Anfwer ^> 
the Qiieftion, as was obferved Page 187 j and here the 
Learner tuty again dbfetvd that both the Valueii in this Cafe are 
affirmaiiifi^ which makes lbi9 be called the ambiguous Cafe, but 
in the other t^o preceding^ Cafes, or in the four former £xam« 
pies, the other Value of the unknown Quantity was negative^ 
iwfakfa is -only an imaginary Yabe, it being impoffible for an 
ifirsttative^ c€pq/itive Quantity, which the Qumion recjuireS^ 
Id be a tugflii^j or equal to a negative Quantity* 

But we may find the other Value of ar, in thid 4mbiguou$ Caf#, 
by Divifion, as in the former Inftances, thus, 
» The Equation Queftion 68, Step 9, 
Immediately before the Square wais coim-^ r.^e-^i * S — P 
pleated is - * - 5 ' 

Which bemg put in Numbers Js "^ • r / -*-' 45* zr — 500 

Tranfpofing 50O, to make the J . . - 45 ^ 4. 500 = O 
Equation equal tp w/Ai/yf . • Y ^j*-t-^^v^~w 



By the Work it was founds _ • . . "^ 4ZZ.%S, 

Tranfpo 
to. nothing 

Q c And 



Tranfpofing ^5, t9 make the' liquation equal 3 « r — /i 

mtt • • • * J ^ . . 



^H 



^L.GB.BB.4. 



And dividing to find the other Value, or Root of e^ as 
Before, v • - . - 



/— 25) /^— 45^+500 (^ 



— 20 



— 20^ + 500 

— loe +*SOO 



Hence. tl)e Quotient is <-^ 20, which muftbe equal to ii0< 
things for the Reafon in the fivmer Cafes, but if i — 20 = 

Tranfpofmg 20, we have - - # zz 20 the 

Other Value of ^, the iame as before. 

And in this ambiguous Cafe, if we add the two Values of/ 
.togetlier, we (ball find then) agree with wb^t is laid at the 
Scholium f Art, 62. 



. The^rft Value of ^J is - 

' The fecond Value of ^, is 

teut tfie Co-efficient of ^ is — 45, 



^5 

20 



43 



o- " 



The Manner of expr effing the two Roots of an 
- ambiguous ^adratic Equation explained. 

• 66. Now to explain the ufual Manner in which Jigebratfts 
exprefs.tbe Value of the unknown Quantity, in thtamUgtum 
Quadratic Equation ; let us refume the Solution of Quetlioa 68, 
^t the eighth Step, where there is this 



w «- . . 



> - 



Equation 


L 


THr^se 


2 


- 2c D 


? 


3 *^ ^ 


•4 




1 
5 



ff — x^ + -. = -— ;? 

4 4 



/ 



iS 



"^ -2- • 4' 



That 
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Tliat is, ptifii b$th the Signs -f ^W -r, to the^anitty under 
the radical Sign^ for that being added to -, or the rationqi ^uan^ 

Uiies on thai Side of ihe E quaff on^ gives ont of the Values of e^ 

hut if it is fubjlra^ed from -, or the rational ^antities on that 

■■',.' ^ 
Side of the Equation^ then it gives jhe other Value of c, yhus^ 



225 
180 



4) 2025 zz J J 

, S S ' i 

506.25 = — ; 

— ^ — 5QQ' 

• 6.25 = 7 -^U-S-v/^-p 

4 .4 



4S) 225 
lis 



Then to find the two Values or Itoots of /« 



i — 22.5 
2 



^i. 



4 _^___^__ 



25.0 1= one of the Values of r. 



^ =: 22,5 
2 "^ 



4 



Jo* the other YaUie of #, which two Values 
of e are the fame as was found at Art*. 6u 

C € 2 Anl 



, And ^bii it the ^otmn^a Mcthq4 in wbk^b ^it^eif^fi^ fct 
down, or ex^rels the Value of the unknown Qua^ti^y^ in the 
tfm}i]{^«/ Quadratic Eciuation. 

The Rea(bn. of Qu^dfttjc Equations havin|; two different V^» 
lUes of the fame uViknbwn Quantity, is becaufe the /ame Qua- 
djratic Ei^atjon ^n he (brmdi froip two ^ifiS^tent Siippo&ipiii, 
or Values of the unknown Quantity, or fuppoQng the faa^e ua« 
known Qiiantity to be eqtial to two different Numbers. 

For let us refpme the Equation ee — sezz—^pj or ^^—45^ 
=: — 500, in this ambiguous Equation we fouhd the firft Value 
of ^ to be 25, by making e equal to 25, we have 



I ©- 2 
* Multiply ing the firft -> 
Equation by —45, the / 
Co-efficient of tj in the C 
given EquaticuL s J 



I 

2 



e=2S 
e £ zz. 625 

— 45/= — II25 

ft 

ye — 45/ 1^-^500, thefanie 
with the given Quadratic E- 
quation. 



And if we take the other Value of t, v/%.;20> wc can form 
the given Equation, for 



Let 

T Jie — 45 the Co- 
cJKcient of e, in the 
given Equation. 



I 1 ^ = 20 

Mr 

3 
4 



i t tsz 400 
— 45^ 



900 



e e — 45 <? = — 500* the fame 
with the given Quadratic £- 
quatien. 



Likewife if wc take the firft Form of Quadratic Equations, 
v/Zf ie-^-bezzLm^ or /^-|- 10^=75, fee Queftion to. Step* 6. 
Now the two Values of e in this Equation we found to be 5, 
and — 15, and from either of thefe Values of e^ wc can form 
the given Quadratic Equation, 



Suppofe 



2 I ^^ss 25 



I X 
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J X xo the Co-effi- 



J97 



cieat of #, in the given 
EqumtiflB. - - - 

Assitty fuppofe 



3 

4 



IQ0 



* , 



50 



X. K-^O as above 
"" ' 2 + 3 



I 

2 



3 

- • 

4 



r^.+ ^41^ ?5> the <^n(ic with 
. l)ie given Q|^ratic£qiiatioD. 

/^=: 225, for — 15 X — i^. 

zi + 225, the Signs being 
. alike. 

\oe — — 150 

> e + 10 ^ n 75, the fame E- 

quation as before. 



And if we take t|e fecond Fdrm of i^adraltic Equations, vi%. 
aa'^%az^bdr—lfinXy or a a- — 28^:^1^20, fee Queftion 
65, Stej^ 12. The two Values of <? in this Equation we found 
to be 60, and — 3^, from either of wluch we can form the 
given Equation, for - 



Suppofe 
_ I ©^ 2 

IX — 28 the Co- 
efficient of a^ in the 
given Equation. 

2 + 3 



Again, if 
I ©• 2 



I 

* 

2 

3 

4 



I X -^ 28 the Co- 
eAcieht of ^ , as above 



} 



2 + 3 



I 
2 



3 

4 



a =5 60 
a a ^ 3600 

~ 28 f? = -*- j68o 

tf tf — - 28 tf 2:^ 19^0, the fame 
with the given Equation. 

« = — 32 

^17=1024., for — 32 X — 32 
= + 1024. 

— 28 a zz 896, for — 2? X — 32 
= + 896. 

a a- — %%azz 19209 the fame 

with the given Equation* 



From this thc^ Learner may obfcrve, that making the unknown 
^antity equaito either of its Values^ and raifing this Equation to 
the Square^ and adding it to the former Equation^ after it has bein 
multiplied by the Co-effi cient of the hwejl Power of the unknown 
Quantity in the ^adratic Equationy this Sum wiH be the given 
* tadratic Equation. 

Qiieftion 



j^g Ah G^B R A, 

QueAion 6g. Twa Men A im^ B, Jijimrjtag ef that SiS^ 
Bngs, A who had the greaUfi Number, Jtdd, if my- NutuAtr tf 
ShilHttgi is dixMdtd by fttr'St and thii patient is added to ytur 
Ntmier. tfShilU/fgs, the Sum will be 15 : 

But if the Sum sf bath our Shillings is multiplied by ^ end 
this Produa divided by lo, the patient wiU be Sa^ ''How /narf 
SbilHngj had eatb Perfm f . - ■ <■ 



Tjtt a =: the Number of ShiHings A had, or the greatdl 
Nuiqber, 0^ the Number of Shillings B had, ^±=15'} m=:4, 



Then 


I 


. Ami 


, 2 


I X t 

3 — << 

2 X « 

S-m, 


3 
4 

1 


6^«| 


7 


+ •7 


8 


8x« 


9 
10 
II 


— m It 


IZ 



'- + .=. 7 

a -i-ee^se 
a-^^.s t' — e t 
ma -^ me = J« 
m a ■=sdn — m e 



the QueftioD. 



/+ d n — me^mie 
t — mer=mst — -dn 
e—'me-^mieT= — dn 



' Here the Equation appears to be ^adratic and of, the miM*' 
guous Kind ; becaufc d n the known Side of ihe Equation has the 
negative Sigri. Then by Art. 58, dividing by m, the Co- 
efficient of >i*. 



^3 



= — 11. Form be. 



jhg in every Term on one Side' of the Equation, dividing that . 
Part of the Equation by m, is only tocaft away m, out of every 
Term of that Side of the Equation, and to divide the other 

Side 
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Side of the Equation is only torpl^e m lis a Denominator to it. 
The Equation being now prepared for . compltating the Square^ 
and the. firft PoWer of e being; in two Terms, viz. — ^ — x r, 
whofe Co-efficienis are — i, and — -x. 



Therefore 




Subftitution 


'.1.4 


14^ □ 


IS 


15 itti 2 


16 


16 + 5 

2 


• 

17 



Sabffilute — z zz — -i — • x, then by 

m 

■ . I 2* z z d n 

4 "^ 4 »* 
, z y^z z Tn 

7, 4. : m 

2 4 m 

(that is, e is either 5, or 11. 



And if e is 5, we fhall find a n 50, by the fourth Step, 
which two Numbers of Shillings anfwers the Conditions of the 
Queftion ; or, if we fuppofc ezz iiy then by the fourth Step 
we Ihall find mz44, which two Numbers will likewife anfwer 
the Conditions of the Queflions : But fometimes one of the 
Numbers, or Roots, of thefe ambiguous Equations will not 
anfwer all the Conditions of the Queftion, as at Queftion 74, 
and then the other Root muft be found. 



Queftion 70. Two Merchants A and B, had gained in Trade^ 
but A who gained the mojl^ founds that if the Square, of. the 
Pounds he gained was multiplied by 2, and this Produ^ added 
to 8 times the Pounds B gained^ if this Sum was divided by 4, 
the ^otient was 816 Pounds : 

But if 7^ times the Pounds A gained^ was added to 10 times 
the Pounds B gained^ and this Sum [divided by 40, the ^otient 
was 5 Pounds, How many Pounds had each Man gained ? 

% 

Put fl= the Pounds gained by A, ^r=: the Pounds gained 
by B, Jf == 2, /« rr 8, ;^ = 4, ^/ = 816, ^ = 3, z :=,io, 
r=40, ;2r=r5. 



J X a a 
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jt L G B B R A. 

I 

2 



3— jftftf 

2 X r 
6 — *tf 

8.5 

9x2; 
10 X ;» 



3 
4 

5 

6 

7 

8 




the QimftiMk 



10 
II 



X a a '^ me =^ d 

m e':=^p d — X aa 

_^ p d — ^ a a 

m . 
ba -i- z e znrn 
% e r:: rti'^ b a 
rn^^ b a 

r « — b a p d*-^ xaa 
z m 

mrn^^mba^^zpd-^zxaa 



Tranfpofe zxaa, that the higheft Power of the unkoowB 
Quantity may have the Sign +• 



II + zxaa 
12 — mrn 



12 [ zxaa-^mrn — mba=zpd 

13 I zxaa'^tnbaznzpd'^mrn 



The Equation now appears to be quadratic, but to know if 
it is ambiguptASj find which Quantity is greateft zpd^ or mrni 
fbujrz/i/ is '33640, and w r « is only 1600, hence zpd'^n^rn 
p: 32640-^ i6co ir 31040, which being an aJtrmativeVum* 
bar;, the £<juation is not ambiguous, by Art. 59. But be* 
cAiije'the Square of the unknown Quantity has a Co-ettcicnt^ 
therefore, by Art. 58, 



13-r-z*^ 



Subftitution 



15^0 



14 



15 
16 



I 



a a 



mb a zp d — mrn 

Z X Z X 

Subftitute — J zz then by 

zx 

sipd — m rn 

— s azr. — ^^ 

ZX 

, ss zpd — mrn , ss 

— sa + ^ — ^^ +- 

4 ^* 4 



a a 



a4i 



16 



!..a .■■16-iili 



^(^ 



fijT the eigbtbtScq^ jg 



*^=Si 



(=40, the. Pound* ptfirf't^'A.- 
t ^.r.''~^f c= 8, the Poundi gained 

(^^lon fu A^thir by his'Wiil,t^t h^ two Sorts AanJB 
a Partian, iv^naf-A bad. 0€ iT'*'^ ■^'('"''lififl^i.ff'"*''' 
9ftheNambtr"ef.J^n3!'heivasiBtavi ^e JnuJlipSea ly 2, and 
to ^l^s Prj4fi3.Ji^it is.addtd ibt Num. er b/ Pjuadi fi wat t» 

^ut. tf4b* S umiii; ff Poundi A ma. to bivtt bi multiplied bf 
20, afi^lbfi Eaidu3-^d94 tt tie-^m y^ af.Pmitfis B was to 
have m ittplUd p 'X^^ tbf SuA is it 30 ^unds. Tofindtht 
Fvime efeacb? ^-^ _ . ~^v . n - <;: ■ -• . i 








.1 
•J" 


I— »« 


3 


.».-^"'5' 


■■"■:*'■ 


i-ii 


5 


- s.#-*- 


■«• 


: ,*r*. 


1 ?• 


■JXZ 


8 


Sxin 


9 



r;5Var=i.*««i>fc^\ • 



Hc^-a^'^i^o'taj*? — %xaa 

Tranrpofe xxaa beciurc tlie liigfadft Power of unjay be 
4fffirmative. . ._ 

9 + z jv n n I la-l « v a |i -f-w r — « * «-— 'a: d 
10 — fli r t tl 1 z K a a i^vf-b a:^ m d '— m r 






The-SqiMtHHi now appears to be quadraticy and to know if 
it b amhigueusy find wki,t z4:.:and fir r are in Nmnbers. But 
zd-^mrzzLMboqo — - 56000 n 40000, a ypofttivi Quantity, 
whence the Equation is not jomiigwus hj^ Art« 59* And te* 
cade the Square of tb& linkhown 'Quantity has S C!o-efficicntt 

thercfrr5Jh7r.Aff* 59' . , ; i 



'« ^ I < 






II -r-2>4r I 12 






A- 



Subi^ittttioA 

■13VD 



..v^W 



2 



*5 

1 

16 









SAT 



Z4r 



Subftitute — f = — ^ then by 



tf tf 






2;jr 
m r 



■ • . f.i « 



. * • 



x;ir 



aa 






% 



%x 






w r ^ * * 



« = v^ r- 



_4 



mr . St ^ , s' 



!s[4dr^99/£fir. beeaiiife 6t the.Impetit^ioQ of t^^ Decimal 
Fraaion. The ttui Number Wng 5orftoln which by 

Queftion 72. What ^4 thefe tivp NumhrSy tie Su^iifU 
of the greater divided by 5, and added to the Uffer^ we Sum 
may be iii "* : i 

But the Produa of the two Numbers dii^dJkl-^y 4, the Quotient 
is 40? ' 

Put ff =:= the greyer Number, # =: the lefler Number> 
mzn^t /=iai ^=4,.;r=4d. 






1 l+/=^l : ! 

a '^ m e ss ra p 
mp-^mt 



the Queftion. 



I Xw 3 

3 — ^H 4 



* •- 



,r 



O/^koAvfic BxCvkitio^^l i|93 



4*6 
S + mee 

XO — W^/ 



a=zit 



vi'ij \ 1 4 



• *■ 



dx ' 



ma 
m p $ 
xp \m§€'s:zfnpM'-^ix 



Here the. Equation not only appears quadratic but ambiguous^ 
for dx the known Side of the Equation b negaiivi. Now 
by Art. 58. 



xi-r-wi 12 



X2rn 

14 + 1 
The fixjth Step 



'3 
15 



. — ..^ ^^ 



m 






•■^ 



m 



2 ^i 

a- : • •• 4 



t» 



tlut:% « iji either 8> or 4: But if 
*s=8, t|«|ii,by 

i6U = — =-aK>. Or if /: 



I 



4, thenr^ 



=5 40, either of whidi anfwers dit iQueftipn 



Queftion 73. Two jmng GentknuH bavingb^^ the Gaming* 
Tables; and ketng asked by their Friend what they hft^ which being 
ajhamed to ewn^ Afaid if the Number rf founds I UJi is dhndei 
by 4, and this addea to the Number of Founds B Iq/i divided by 2, 
the Sum is 9 Pounds: 

But if the Produlf of the Number of Pounds we both lojl is di* 
videdby 10, aud extracting the ffuare Root of /his ^otient it 
will be 4. How much^ did each P erf on lofef ' 



Let <? zi the Number of Pounds kft by A, # ?;:? the Nuiober 
Df Pounds loft by B, ^=«4, ^==2, 191 = 9, /s&xo» as th« 
Niunber 4 is in the firft Part of the Queftion, and it being 
ugain repeated there is no Occafton ior any new I^etter* 

D J 2 in 



?«* 



.4 



' V . . 



>^ff^9 



J 
« 






4 .« 



• . ' . - • 

4-7 



3 

44 



»V .".x - -• *» «« 






.Mii 



5^ 



7 
8. 






...... ^ :; . ■ 

6 a f z=z p a if 
__ p bb 



■ • ■ > • It' 



• • J . I * > ■; » 






J d 



.1. ^- .V 



,^„ pbhzzbme^ h- 






— — f --^ Dividmg by », byi Art. 53. 

T To h*re the highe I'Powcr of e affirt 






;•''••..?. -^14:*4:.E1". 









■ t' 



and ambiguous. 

ddmm ddmm juk 



J . aamm a»m 
-\ ,x . am. ya d^m m ^ ^ z 

^ , ^TW I dm^^ y^^^** » ' /IV.A — A J-r 

"fhaViV; VIseiitlKf ?»'or rdt'Vhe^fce 1>y'Tfie=fJniitb, or te?enth 
Steps, we ihall find «:*i6V<* t*: • • ' 



tfeftten ■74.' /« '*^ Hj5^^e«!?*^ Tfian^^ A B" C, /«^# » 
S\Iffpitbmtfi:'hQ'^ib, ml' the- Stim of the Bafi A B 
una t^V^tcuHir B'G'=?-i»4. To findthe^^t^ h^atd Per- 
j>enduuW^d 'See Figure, Page 206.- 



U 



Of ^dmtif S qy 4 T|^i o M s: 1^ 

~ Iset ACb4'53eio, AB+BC=i=i4. AB=s« ; and be- 
tmtk A^B.4-^ e.ni/, dStftnM»«RJA:tM^ CAdfra^g'^k^^ 
or<^^ wehaveBC = a — ^, t - •• n n 



•. i- '» 




* Having cxpreffcd all the'^Si^of tKe iSqVe ii^^«ftibo&i 
there being but -om tefew^'^attiify^j'W 
one Equation from the Proper^ of the Figure; and the Triangle 
^BC .b^ing rigbt-angledj, «h{ J|^ve hy 47 ^ i the Square of die 
Hypothehufe^'C, or ib^ equal' to the Square of the Bafe A B, 
.or aa^ added to the Squai;^ of the Pec^ndicular BC, or dd 
*w^^du'^04i^ that is, ' ... \^ 

In Symbob | i ] ** o^d^*^ 2 rf// + 2?t^a 



** — rf 



♦ ;■• 



H«re the Equation appeisrs ^adreiic^ and becau(eN(^^ it 
'jgitatttr then ^ ^ it is lifcewife ^nnbiguous j for bh' ^dd zs, 
-m^ 14^ s --r ^6 a mgathe ^taiti(y,' but as SBe"Square oTi 
unknown Quantity has a Cd-efficient, therefore divide by' It 
by Art. 58. 

r: '\ • '• . ^ itd 
■ 4 



fl 

4 uu 2 






3 
5 



dd ,hh — di 

— "T" ' ' 

4 2 



^~--V/ -7.+ 






6 *«^|±vi^4rte^=7 + r 

' 2 r \ at t ,2 

from whence the Bafe i^^Br may beaejtberjft, oi:.6; fuppoflng 
the Bafe 8, then becaufe by the Queftion, ihe Sum of the Bafe 
and Perpendicular is r^; tbF'PfrpetidicuIar |B C will be 6, but 
if we fuppofe the Bafe to be dy then from (the fame Reafoning 
the Perpendicular B C wiU be 8« J 

And the Queftion not limititig which is longefl:, either the 
Bafe A B, or Perpendicular B C, we may take either 6, or 8» 
rfor this length of the Ba(e*AJ3p for eithet vi^ill 'ahfwer the .Goo- 
ditions of the Queftion. - ^ '' "• ' ' 

But if the. Queftion had fatd that the Safe A B, \% longer' 

than the Perpendicular BC,' theii ijite invuft take n zr -£ 

.. -- ■ , ■ ■ ■ ••.. * 

•f ^iij^^l3I-2. 8, .by which >^d fhall find the Pcrpen- 

dicular 



'so6 



ri 



:aLGBMlijf, 



jikabtBCzz^i toir if 9ft u!kBs;z v^ _ + ix — 

242 

s6, then wt (hall find the Perpehdicutar BC^ 8, which can* 

not be^ becanfe the Queftion is fuppofed to determine the Bale 

AB» to be loi^^r than the Perpendloiilar BC. 



Qjieflion 75. In the right-angki 
Triangle A o C, tbilu ts ghen the 
HypotSmufg AC=s lo, tbcFerpen^ 
dicular B C briag Jhwier than Ha 
Bafe AB^ fy fiMra£ling tbt Per- 
pendicular BO frm the Bafe AB; 
and multiplying the Difference by 20| 
and dividing tbis ProauU by 8, tbi 
~>tptient is S. IVbat is the lung/A 
"tbe Bafe AB> and Perpendi^ 
larBCi 



Let ACssi«3|Q, AB = tf» BCssr, rf=20, « = 8, 




z = S' 
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T 


■ ^ 
1 


2 


I -^«/ 


3 


3 ii<>2 


4 


3 X m 


S 


5^^* 


6 


e-i-d 


7 


4-7 


8 



« 

««-{-##;:;&£ by the Property of 
the Figure as in the laft Queftion« 

1. ^"^ . .M :^z by the Qoeftion. 
n$ 

aa zzb b-^e e 



a zz ^ b b — ee 
da — dez:zzm 
da z; Km ^de 
^^zm+de 



^^"•r' 



zm +de ^ 



zz \/b b^^e e 



. iSquaring both Sides of the ^uation, beoaufe the unknown 
Quantity is under the radical Sign. 



8®-2 

gx dd 10 

jO'\-ddfe I i| 

IX — zzmm I 12 



zzmm^izmde+ddee ,, . 

d d 
zzmm+2zmde+ddee:=zddbb^^ddee 

zxmm + 2zmde + 2ddeizzbbd4 
Zddee + zzmdezzbbdd — zzmm 

DividU^ 



That is 



13 
>4 



««4* 



_- • • . ^/ 



Of ^t^ttic^ E.<)LV A T I p M ii ^xyjt, 

Dividiog by the Co-^cidit of tihf 
arfrf ~^^ add 

"+-r — -375 — ** 

rtjcfied as in Divifioo, 



iA' • w 



BjOto dl^ S^tittiMii ftmdfunic, but itcaiiftot lie awih^umtf^ 



zme 



Icpmfe both the Quantities ii+^^ having the «gn ^^ the 

iriiote Side of the Equation muft be qfirmative^ and ooniequentlf 
the other Side of the Equation muft be aHb affiiwiitivi^ other- 
wife an i^rmathi Qiiantity would be equal Co a mgathe Quan- 
tity^ irtttch is abfurd. NoW» 



Sttbftitutlon 



iSfO 



X5 
16 



Sttbftitute ;r = £2? a= 2, by Art- S7* 

d 

then by 



ibdd'-^zzmm 



161111 2 



'7-- 



Then hj Step 7th 



»7 



18 



19 



2Jd 

- - _i -• ■ ** itdd — zzmm 

" +** -i =s ^ % . 

4 Zaa 

I X /bbdd — xzmM ^ xx 

/bbdd — zzmm . xx x 
2dd 4 2 



The fame ^ijlim done ctberitfife. 

Le t, A C = 5 = 10, A B =s ir, then by 47 # i, B C 
ss^h^aai (uppofc4=»ao, ws=8, 2=S» as before. 

. •' :' ' ' Now 



ajsgi ^-'ALG JS \B R jf. ' ^ 

X'Umr all 4ki^8i(8^'<>f the Trance 1)^ifig exprefled in Symbobi 
and there being only one unl:no#il''^Quantity, there is but one 
£gttatk^ rip^MWl;^ wbidtt trmJJiK XH^ froni the Qqiuiitiotts of 
tEe QudBioQ, and tE3e I' flial particulirfy fxpfefi to prevent 



I'Le^owr. 



Nom; l^i-l af. in. f; |jeJ8afe 4 B , nfhich is longer than 
ff k TiftpiiSif iUlir^j or v^:?~^P> tl^'^fo'"© connefting 

We have |2|a — y/** — « ffjor the Difierence 
l^fiKCshttbeilafe M4:>Pbrpefidiai^^ tof-lfe^.^u'^'*'^ 

' We have J 3 | i Or^^d^b h — a a 
\j^ttl>i^j?««kda^ ic^to be divided. bBfr:S; or «,:«hett f 



"^ We nave 






Whence 



I 



J 



r— ^-. 



'^ (is to be equal to x, or a, 

I 

£lri£v^2jE:Lf ==2:, by the 

• : ; ;«» j ' (Qucftion. 



Becaure th^tjpjfijpwn Quantity is divided jby/w, therefore by 
^ -.riS X »j 16 j da--d\/ bh —\a-^^%m 

"1 ! • 

Becaufe the unknown Quantity Is njultiplicd by //, therefore 
liy^rCr4S, 

SSITT 



% •■ 






,. - r 



-. Novir.tranfpore the Surd becauTe it h^ the^ign — , the higbeft 
Power of the unknown- Quantity being jPart pf it. 



7 + v^^^ — ^^ 



8 — 



z m 



8 



2:m 



• * 



'■\'\/ k b*^ a'a 



s/:h k — a a. zzi.a -r 



si» 



*^ There berhg no Quantities on the fame Side of tKeEqnrfbn 
with the Surd^ raife both Sides of the Equation to tb» kxfinA, 
Pow^r to take away the radical Sign* 

9®- a 



Of %tf</r<?//c .E i^u A(r ; Kf a 



, 10 + fJ <? , 



II — . 



%%mm 



dd 
I2-*-2 



aoa 






— hb 



.. < 



xz in m 
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a a 
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/& 



z 2; m m 



Here the Equation, is. qmdt:aUc^ but llec^ufe -f— ,?— , , 

2 2 a a 

rz, 50 "— 2 rr 48, a pojitive Quantity, it is not ambiguous. 
Now by Art. 57; fiibaitut^ j— a? « ^ ^ *:=; — 2. 
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14 rD 
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1. 



15 



15 Bu a 



16 + i! 
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2 2,rfrf 

' • • • 4- - -^ . ■ ^ .. 

z z m HI 



:2 4f// 



A 



TT 






2J7" 



\.' - 



>r 



2: 2 m /7f 



^ 2 " 4i 2 2rf^ 

( ±= 8 3B=: th^ Bare A B as before. 

Hence in the right-an^kd Triangle ABC, becaufe we have 
given the {iypothenufe A C which is 16, and having now 
found the Bafe A B to be S', therefore the Perpendicular B C 

r^v^ioo — 64 = $. ; 

Queftion 76* Two -Mtrchdnts A and'Ry becoming Bankrupts^ 
owejuch Surrti of Money that if from the Number of Pounds A 
inveSj we fubftratt the Square oj the Number of Pounds B owes^ 
tbif's remains 1900 Pounds: 

But if the Square of the Number of Pounds B owes^ is mult:^ 
{plied by the Number of Pounds A owes^ the ProduH is 81000000 
Pqunds. To find the Debt of each Merchant ? 

E e Let 



Zi6 ALGEBRA. 

trpt a zz the Money owed by A, # = the Money owed by 

B) izzii)00^ ^ = 81000000. ] '. 



.3-4 
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* I 



3 ^:=r*-4-^^ > 

€ e 



'♦ I 



''r. 



Perhaps this Eqi^^n^ may appear new to th^ young AnaljL 
but by turning to Ajt. 36.^16 will fifii)kiA bcia qiairMSc% 
quation, for the unKnown Quantity is only in two Terms, and 
in one of theni its Ppwer or Heigh| is Rouble its Power or 
Height m.theothcry'&r it. is tea »nd ^^^j^ierefore take h 
the Co-veiEcient of ^ ^ the loweft Power of e m the prefent Cafe ; 
divide it by l^fquafeitl^ QSip^icnt,; ^d.a{ld it to both Sides 
of the Equation as brfore, thus, | .* ■ ' ^ 



6rD 7 



y m 2 



r« * 



'8-*^ 



/ 



eeee + bde+^i^ — d + tl 
• 1 4 4 

'Eitraatng the lquaVe_R66t as ufual, 



€ e + — =: 
2 



rr^ 




l\l 



4 



y, . Tranfpofing -. becaufe it is a known 

2 ' 

- Quantity, . . 

-• :. ^' /t' i io Hi .,.. .. f . > 

Now extrafting th^ Jqcarre -Root to 
deprc fi e to th e fii^ft Po werl 

/"> J^ J" 

9 wjy a j 16 j ^==vV^ + -^' — -=96Potonds, 

(the Money fi owed. 



I 1 



To cxtraa the fquare Root of the Quantity \/ d^tt 

b " • 

— — , is only to place again the radical Sign before (be bltofi 

Quantity 
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Quantity, drawing it over the radical Sign already there ; and 
the other' Quantities without that Si^n if there are any, for 
though th^fe Were not ihcliidM'in the firft koot, yet as they 
.were afterwards tranfpoTed to that Side bf the Equation, and the 
Root is again required tb be tal^en, th0y wjU' now^ be included 
under the radical- Sign of this fedond Ej^tracflion, 

Becauie of tl^e^two radical Si^ns, I ihall fet down the Nume* 
ricaiWotk, to make the Operation tfaje plainer/' - 

d zz 8x000000 

— =: 902500 
4 



81902500 !=// + — (9050 zr v^ rf 4- £i 

4 4 

-950 = -- 



8t 



1805) 9025 

_§025 



■ m 



and the fquare Root of 8100 
is 96 = y/^-rf+ii : - 1 

' . • -^ . 2 

Then by the third Stcp<7 5=:*+^* 
= 1 0000 Pounds, the Money 
owed by A. 



The &me Qiftftion aiifweml by exterminating the unknown 
Quantity^, 



3-* 

2 -r-tf' 



I 
2 

3 

4 



«-^*^/— .*.iBy the Question as 
a e ezz d , J before, 

e e zz, a "^ Q 
ie zz -^ 



Make the fpurth and fifth ■■ Equations equal to one another, 
for each is' equal to ^^. 



4-5 
f>Xa\ 7 



a 
a a — ha zsi4 

Ec 2 



icn 






21Z 



41, G E B R A 



.J 



7 cO 


8 


S-uw 2 


9 


'+-: 


10 



3: 4 

^ ^ _.. 4-. . 

■4- T 2- . 

(Pounds, as before. 



And by the fourth Step e zzi^a — b^ or by the fifth Step, 
^ r= v/ — =r 90 Pounds, as before. 

From faeoce the Learner, may obferye^ there are different 
Methods of anfwering the fame Queftion, and that fome are 
more elegant than others, as. they give ^he Anfwer in more 
fimple or. lefs comph'cated Terms : and \tt this Part of the 
Science he is to exercife himfelf according to his own Prudence 
and Judgment, and fome Meafure in Prdportion as he under- 
fiands and conceives the ge^ieral and univerfal Methods by 
"which Queftions are anfwered ; it being only my Defign to 
jlluflcate thcfe by pertinent £xamples, with fuch Solutions as 
arife in an obvious Manner from the Diredions, that the 
Learner may acqiiire fome gtiiieral Idea of the Nature and 
Excellency of Algebra. 

Queftion 75. Two Running-Footmen A and B, meeting en the 
TLoaS^ fffund; if the Number of Miles A^had^^ipfioas multiplied 
by 5, Juhjira^iing from this Product the Square of the Miles rm 
by B, there remained 100 : 

Sut^ if fhi^quare of i]pe Miles ntnhyl^ iff as multiplied by the 
Number of, Miles run by A, and this multfpliS4 by 2, the Product 
was Soopo^ How many Miks- had eaeb'jP^erfon run ? 

Let a == the Number of Miles run by. 45^= the Number 
of MUcs run by B, mziz^y ;ifrJeioo, dt=zZy i=8oooo. 



t •■ • 



2 

J+fe 3 
3-^fw 4 

Z -^dee 



m a -rz X -^ e f 



«s*+'^ 



-T- 



a zz 



m 



I'' \ 



i-t t 



V^5 



\ 



• r 
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4-5 

6 X m 
7 X dee 



7 
8 



dieee + xdee^ssfnb 



Here the Equation s^ppears to be of the (ame Kind with the 
I, that is quadratic, but not ambiguous. Now by Art« 58. 



g-^d 


9 


IOC 


10 


II tttJ 2 


II 


2 


12 






13 uii 2 


13 



^ ^/ / -f"-/!? ^ ^ = 



mb 
d 



And compleating the Square as ia the 

laft Queftion, 

, , XX mb I XX 

eee e + xee -{ zz,—--*- — 

d jL 



X _ 



4 



^ / + -, n v/ . 

2 « 



+ 



XX 



e e =: v^ 



<^ 



XX 




- ^mb \ X X ^ X 



2) 400000 zr OT * 






200000 = -~ 


■ 




X X 

2500 =: ~ 
4 




- 


• • • 


/mb 


, jTdC 



d \ 



16 



«5) 42s 
425 



— 50 = — 



^m 



m b % X X X 

A : — • S the 

4 2 



400(20 = v^v/-^ 

(Number of Miles run by B. 



Then by the fourth Step a 
Miles, lun by A, 



"^ m 



I zi 100^ the Number 



This 






Al^fi^^.^^^' 



This Queftion as the Jaft, may jbe ^olved in a more fimple 
Manlier^ if we extermin^e-die uwnoYa Qtuntitgr e inftead of 
#, thus, 

m fl — V ^ =2 -^IBy the Qucftioii as 

J ; 4)efore^ "^ 



I 

.2 

3 
3-? J 4 



« • * 



> 



4.5.5 6 
()Xda\ 7 



daee.'iz.b 

m a ziz X -{•' e i 

: .'...^ ■ - 

^/ =ss — 

w fl ^-* ;r s=s X- 
. ^fl 

dm a a -^dgc a 7: ^ 



I>ividing-by ^m the Co-efficient of fl ir/by Art. 58, 



T^dm 



* 



8 



.^-^^ -^ JL for ^^^ f_f 

4he./ I^fn^ x^e£leiLas jn Diviiion, 



Now — the Cp-^ffi/^Ippt 6f a beiM divided by 2, is — . 

$n * -" % r 2 m 

For making 2 an improper Fra^lion by the Rule in common 



Arithmetic, is -£ : But by the Rule for ^DiyiJfl^P , pf .Vulgar 

-, Now Squaring — it 
2m ' 2 m 



IS 



I J m\: 
y and adding this to both Sides of the ^Equation tbo 



Fra£tions in Arithmetic 

X X 



\m m 
Square is compleatedy by .Art. 56. 



8r U 



X a . X X b , X X 
a a-^ -jc 1- = 1 • 

m .^mm dm'' 4 mm 



■M- 



^— •-!— — «^^"^ -<- 

. X J b I X PC 
g^w 2 I 10 fl__ rrz^i—'] , 

2 m dm /^.mpi 

X \ \ /J> { ,x^x" r X 



2WX: 



=100 

am ^.mm 2m 

(as before. 



- Then by the* fourth or fifth- Step .we (hall find if 2= 20, at 
before. 

Q;ieftioa 



Queftion 78. // ts reqmrid to find two Jiich Kuhhiri^ ihat 
the greater being added to the Square of the lejfer^ the Sum 
may be 19 : 

But if the greater is multiplied into the Square of tb^ liffh-j the 
ProduSf may be 90, 

Let ii = the greater Number, . ;if = the , Icflcr Number, 
j=i9, /^=90. 



I 

2 



I — ^^ 

3-4 



str if'] ^y ^^ Q."eftion. 



I * ■ . 

a = r—>^e 






er 

— zzs'-^ee 
e e 



S X e e (>^p::zsee'--^eeee 

Tranfpofe eeee to maki it affirmative. 
e e e e +^ zz: s e e 
eeee — s e e -^ p'zz: 9 
eeee- — s e e zn -^^p 



6 -{^ e e e e 

7 — see 

i-p 



7 
8 



Here the Equation not only appears quadratic^ the Powers 
'lillrike''llnkAi»wh Quantity^, feeing the feme iis in thfe-lwo 
laft QueftWrfdj but it i$ Aiktwik ambigi((nis\ for tlbat Side 'of 
t!he E^fiiM^ which i( Icnoibn is negutive'j iiz. — #. 



g£ D 

10 wi 2 






10 



II 



* ) 



eeee — s e e +iJ zz — — ^ 

s ,^ T- 

e e — _ — »/_ — ft 

2 ■.•4 . . 



- --} t V = -1 ± v/ - — i> ^ EbtiJrtian 
i / ^ 4 . 

(hetng'aMi^tioUs as abWe. 



1 



/T 



/ 



X.J 



iaw,2| i3^ = >/t±v^ T~-^ 
I -^ I 2 4 

That is, hv Reafon of the -Ambiguity oFt he Ejquatlaky Tt lnay 

be ^=:v/- + v/^— />,'or^ = ^i.^— v/^-/> 

Let 



2i6 ALGEBRA, 



Let us fupnofe / = */— jL.^il —p 

* 4 

90.25 =if 
— 90. =— ^ 



v/-2S=?-5=\/-— /» 

4 



9-5 = 1 



10(3.162 nearcft =\/— + \/— —^ thcVahe 

2 4 '^ /of,. 

9 



61) 100 
61 



626) 3900 
3756 



6322) 14400 
12644 

• 

Then by the third Step tf z= ;— r^zr^i if we take 10 fix. 
the Square of ^, the fquare Root of 10 being equal to /« 

By trying thefe Numbers according to the Conditions of the 
Queftion, we have 

tf + ^ ^ = 19 

a e i "zi^o taking 10 for the Square of / as above. 

But becaufe the Value of / is a FraAion which does not ter- 
minate, and therefore its exa<5t Value cannot be fou nd, let us 

try the other Root, viz. ez^^ L — ^il — p 

2 4 

90.25 = ii 

4 
— 90, =— j> 



>J. 



4 f. 



2 
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7 = 95 



4 



-£- — v^i- — ^ = 9. cxtrafling the fquare Root of o. wt have 

r 



^L — ^ i? — / = 3, for the other Value of ^ exa<5t 

Then by the third Step a-^zs — e ^ pr lo. 
And trying thefe two Numbers by. the Conditions of the 
Queftion, we have 
tf + ^/ss 19J As the Qucftion requires, whence the two 
an s: 90 J Numbers are lo and 3. 

I have been particular in the Arithinctical Work of this Que- 
ftk>n, that the Learner may fee the Method of finding both the 
Values of the unknown <^uantity, in any ambiguous quadratic 
Equation^ when the unknown Quantity is to the fourth Power. 

But in this Queftion, if we exterminate i jaftead of a^ we 
fliall have a more fimple Solution. 






I -^a 

2-T-.tf 

4.3 

SX a 
b '\- a a 

S — sa 



I 
2 

3 



5 
6 

7 
8 



tf 4" ^ ^ = ^ ^37 the Qudlion as 

a 



4-^4f ssr 7 

a i izszp 1 before. 
€ e 

a 

a 

p :=i s a — A a 

a a -^ p = s a 

a a = s a — p 
a a — s a ^s^'^p 






Here the Equadon appears quadratic and amU^u^us^ as befbre« 
9 c D I 1 I ^ ^ — * « + ^' *^ ';^ ~>? 



.'J 



F f 



IQ \M 



2l8 
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10 lUJ 2 



2 



II 



12 



a ssz 




Let us firft Aippofe the Root to be -i -:- s/li — p 

2 4 

• * « ■ ■ 

4)36i = Jx 

90.25 =: — 
+ 

•25 = — — /y but the (quare Root of .%% is .5 
4 

/T; 

whence ,5 = v/ — — )>. , 

■ • • 4 



Then ^ = 0.5 
2 



XJ 



— v/ ^ = — 0.5 

4 ■. 

9. = tf, for one of the Roots of the am- 
biguous Equatioki, and from this Root, or Value of tf, wefluU 
find either from the third, or fourth Step, that e is equal to thi 
fquare Root of 10 as before; but this beingafurd Number, 
"whofc Root cannot be exa<5tly extradled, therefore fi nd the ot hci 

Root, or Value of ^, then we have n =s i + \/H — >. 

« 4 



7 = 9.5 



+^'7' 



P^ .5 



10. = tf^ the other Root of the ^unnbtgiious 
Equation ; then by the third, or fourth Step, We jDuiU find < to 
be equal to the fquare Root of 9, which is 3 ; and thefe two 
Numbers ic, and 3, anfwers the Conditions of the Queftioo. 

It may not be improper in this Place, to add, that if the 
Learner meets with an^ Queftions^ where the Anfwers cooe 

out 
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out in Decimal Fra^ons, he is not from thence to conclude 
they are not the true Anfwers, as thefc are very frequent and 
common : But if the Equation is ambiguous, it will be 
proper to find the other Root, which may be free from 
Fradions; and if this Root anfwers the Conditions of the 
Queftion, he has then found the Anfwer compleat : But if the 
<^eftion will not admit of fuch an Anfwer, he can then only 
approach to the true Anfwer in continuing hii Fraiflions at 
Pieafure ; but hitherto I have endeavoured to avoid thefe Cir- 
cumftances, as they only fatigue the Learner and perplex his 
Mind, inilead of increafing his Judgment, or advancing his 
Knowledge in this Science. 



66. The Method of refolving ^uejllom^ 
that contain three Equations, and three 
unknown ^amities. 



Tpl N D the Value of 07!e cf tht unknown ^aatititSf In Mt of 
J, the given Equatiens : 

For the fame uninown ^lantily in the other two Equations, 
write, or put this Value, whkh exterminates that unknown 
^tantity from thofe two Equations ; and reduces the ^lejlion 
to two Equations, and two unknovm Quantities, which may be 
refalved as the foregoing ^eflions, by Art. S5- 'h^t is. 

Find the Value of one of thefe two unknown Quantities, in 
thofe two Equations, and making thefe two Equations equal to 
one another, exterminates another unknown Quantity, for (his 
lait Equation will have only one unknown Quantity, which 
being reduced by the Diretjtions already given, will give'the 
Value of that unknown Quantity in Numbers, from which it 
wilt be eafy to determine the Value Cif theoiber two. 
- To help the Learner in his Choice which to exterminate, if 
one of the three unknown Quantities is not multiplied, or di- 
vided by cither of the other two, but thefe are multiplied, or 
jdiwided by one another, then it wili be eafiefl to find the Value 
of that unknown Quantity, which \s not multiplied, or divided 
by the others. 

Ff? Qr 



j1 I^Q E B RA. 

Or if oM of the unknown QaantitWy ftiould be to die fiA 
FoMPcr only in all the three given Equations, and the other two- 
zre raifed to fome higher Power, then it may be eafieft to csrtCK- 
minate the unknown C^iantity, which, is^ to the firft Pdifrer 
only. 

And if all the thrioe unknown Quantities, are only to the firft- 
Power, and nonb of them are mulptilied or divided by one ano- 
ther, then if one of them has no Co-efficient but Uniiy^ and. 
the other two have Co-efficients, it n»y be eafieft to exter* 
minate that unknown Quantity, whofe Co-efficient is Uni^^ 

Thefe Dire£):ions may be of life to the Learner, in affifting 
his Choice which unknown Quantity to exterminate, and a litlb 
Care and Attention will help his Judgment in this Part of the 
Science ; I (hall only juft mention, that if any particular Diffi- 
culties ari& from the exterminating one unknown Quantity, it 
may not be improper to make an Eflay how the Work will 
proceed, from exterminating fome other unknown Quantity. 



Qj^eftion 79, Tisre are tbr^e Numbers whofe Zufd is 18 : 
Tbefirft being added to three times the fecond^ from which Sum 
fubftraSfing twice the thirds the Remainder is g: 

But if the firji is added to four times the thirds from which 






Sum fuhJtraRing twice the fecondy the Remainder ts %l. 
What are the three Numbers ? 

Let a =5 the firft Number, /=? the fecoild Number, ;r rr the 
third Number, ^= j8, iwisg, p=^2i* 



I 

4 



y 

e 



I 

2 

3 

4 
5 



a -f-^+y = * 



By the Queftion« 



a -{- ezzib — y 
a =:=^ — J' — / 



Having found the Value of a in the firft Equation, in the 
Room of a in the fecond a nd third Equitions, put its Value 
l^^y — /, thus, 

*^ Here the Qoeftioa 

^.-^ y-.^U*<9^.— 2y9Bm lliridiicedtotwoE*' 
, '^ ', '^ J ,. >oiuitiMit,aiiatwooa 

^— J— ^+47— ?'==J* (known Qyiintitiei, 

J ftrr«itaitermiiiite4 

H'^y — 3^ = P 

Now 



-2 
3 



5 
5 



6 
7 



6 contraded I 8 

7 contradled j 9 



7be Method tfrisfikiir^^ejlions, &c. aan 

N0# find tiie Valu« of either jr, ore, in each of ihefe ti^o 
laft Equations, and '^y being in eadi Eq^atioo, fiild what Ctmt 
is equal to. 



S + SJ' 

10 — m 

9+3^ 

12 -— * 
II • 13 



•JO. 
II 
12 



JJ^^ + S^ — ^ 

P +3^ — ^«* + 2/— »? 



Here we have an Equation with one uiilcnown Qjiantity only, 
vrhich is reduced in the common Manner, thus,' 



14^—2 e 
15 + * 
i6 — f 



17 

13^3 18 
By the fifth Seep I 29 



15 
16 



p -^ e s^T. h — m 

e = 2 h — m — ^ = 6, then 

y:^t±AL:Zl; 



7, and 



Hence the three Numbers fought are 5.6. and 7» 

PROOF. 

a + e+yzziS ^ 
tf 4- 3^-T 2y:zi 9 
tf + 47 — 2 / = 21. 

QueftionSo. Three Men A, B, C, difcourftng of their Shil^ 
lingSjfoundy^that if twice A*x Shilltngs was added to Ws Shillings^ 
crUfrom that Sum fubftro^ing Q*s Shillings^ there remain} 15 : 

jfnd i/B's Shillings was added to three times C*s Shillings^ and 
from that Sum fuhJlraSling A*s Shillings^ there remains 31 : 

But if fix times A's Shillings was added to four times Cs ShiU 
lings y and this Sum added to B'x Shillings ^ the Sum was 97. 
How many Shillings had each P erf on ? 

Let a rr: the Number of Shillings of A, ^=5: tbofc of B, and 
j = thofcofC, ^=5=15, <sf— 31^ /w=97. 



I 

2 

3 



?By the 



2 tf + e — y =ss^ 

Becaufe 



222 
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Beciufe ^ has na Co-efficient but Unity^ begin with finding 
the Vahie of # as being the moft fimpk. 



4— 2 tf 






« 
Now in the (econd and third Equations, in the Room of # 
put its Value, or ^+j — gtf, as in thelaft Queftion, 

2.S| 6U+JP — 2ii + 37 — irsssrf 

Here the Queftion is reduced to two Equations, and two un« 
known Quantities, e being exterminated, and therefiure proceed* 
ing as in the laft Qi^ion, 



6 contraAed I 8 

7 contracted | 9 



* + 4jr — 3tf =rf 
4« + 5;' + * = »« 



Now find the Value of either of the unlpoWn Quantities 
both thefe Equa^tions : to find the Va)uc of jr. 



8 + 3^ 

10 — b 
II-r-4 

9-A 
13— 4J 

14-r-J 
12 . 15 



10 I f + 4J' = ^+3« 

rf+3tf — » 

4 

?3| 4^ + 5;' = «~* 
14 5jfc=iw — * — 4^ 



II 
12 



'5 

16 



^6x4 

17 X J 
18 + 16 fl 

19 +5* 

20 — sd 

21 -J-31 



17 
18 



wz — i — A.a 

y = ^ 

5 

" ■■■■ ■ ' I ] •— ' M ' ■' * * t n 

+ 5 

ion with only the unknown Quantity «,' 
5^4-15^ — 54 = 4171 — 4A-— i6a 



19 5^+3^^'~S*=4«-^4* 

20 5rf+3i^ = 4'« + * 

21 '^lazz^m^b — 5^ 

^2 ^=:^^+/'^S^zz8, then 
1 31 



By 



Thi Method oftefitmng ^fjlloas, &c. 

By the I2th Step U3 U' = " ~ = '». ^i 

By Uie fifth Step |24lfr:6+;' — za ^ g 

PROOF. 



2. + .-y 


= IS 


' + 3^-- 


= 3' 


6« + 4y + 


= 97 




I have done thefe two Quef^Ions without putting Letters for 
the given Numbers, it being more eafy and familiar ; but now 
to do the laft univerrally, let us put Letters for the Numbers 
2.3.6 and 4 which are given in the Queftion, and compar- 
• ing the two Operations, that may render this the more eafy ; 
^ but if the Learner finds this too perplexing he may negleA it^ 
and proceed to the next. 

Let a . t and y be the three unknown Numbers as before, 
■«nd jr=2, ZT=3, j=:6, ^=4, then, 

II I */7 + 1—3 — h -\ 
2*+zy — a-=L d >By the Queftion. 
l\s a -\-fy -\- tzz. mj 

Becaufe t has no fpecuui Co-effident in either of the given 
' Equations, find the Value of e. 

Now in the fecond and third Equations, in the Room of < put 
its Value, ori-f-y — xa^ 

2 . 5 I 6 I *-4-y — xtt + zy — a -^.4 
3-5 17 \ia-\-py-{-b-\-y — xa=m 

Here the Queflion is reduced to two Equations, and two 
F unknown Qiiantiiles, i being exterminated, but becaufe of the 
|i fptciaui Co-efficients we cannot contrail them as before : Now 
I' ' £nd the Value of y, in both thefe Equaiioiu. 

t .,, 6 + « 



224 
6-f d 

9- 



b 



7 + *« 

12 — b 
Jl — ia 

XI \ 25 

I6XZ+I 



^ JL O JS B £ ^. ' 

10 %j^j'ZLd'^a^x^ — h 

_ dA-a+xa—b ^co^flfcicnts of y bang 
2+' z+i 

5ar\-py'\-b'^y'=z.m'^xa 
sa'\-'py-\-yzsfn-\'xa — b 
py-^y^zm-^xa-^b'^sa 

— m^xn-^-b^sa ^ Co-efficicnts ofy beinr 

^ )> + ! / + i 



II 

12 

14 
15 



(witfa cmljr the unknown Quantity « » 



The Learner may think thefe Multiplications difbouxa^nfy 
though perhaps they are not lb perplexing as he mky imaginey 
for at the feventeentb Step whexcm^Xif'^b — sa is xs-f-i^ 
put down Che Produ<^ of it by z firft, which is zm-^Xxa 
— zA— zsa, after which he need only write Jirt+xu — b^sa^ 
the next Part of the Multiplier being Unitjf ; or, if it had been 
another Letter, it had been no more than repeating the Jiduhlipli^ 
candy with the multiplying Letter joined to each ofits Quantities, 
placing them one after another, taking due Care of tlie Signs by 
the Rules for Multiplication. 

In the fame Manner he will find the eighteenth Step multj* 
plied, and a little Attention will familiarize the Operation ; but 
if there is any Difficulty in multiplying thefe compound Quan- 
tities, the Learner may fet them down one under the.otfaery and 
multiply them in the ufual Manner. 



18 — xa 
ig+i 



^9 
20 



pd'^pa+pxa'^fb'-\'d+a-^h=^zm + zxa 

— zi — zsa+m — b — sa 
pd+pa+pxa — pb + d-^-azzzzm-^-zxei—zb 

'•^zsa+m'^sm % 



Now tranfpofe all the unknown Quantities to one Side nf 
the Equation, and aU the known ones to the other Side of the 
Equation. 
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zzzm — zb-^zsn'i-m — sa 
pd+pa-^pxa'-'pb+d'^a + zsa 

— zxas^zm'^zb'^m-^sa - 
pd + pa-\'pxa—-pb-\^d+a'\-%sa 

— zxa-{-sa'zzzm'^zb^m 
pa+pxa — pb + d+a-^-zsa — zxa 

'{'sa^^izm'^zb'i'f't'^pd 
pa-^pxa'+'d'^a+^Zsa — zxa+sa 

sszm — zb + m-^pd-^pb 
pa + pxa'^-a + zsa — zxa^- sa 

fsszm — zb-^m — pd-^-pb-^^d 
^ zm-^zb-^m — fJ+pb-'d ^Q 

p+px+j + zs X4f + x"" * 

the Divifor is the Co -efficient of a^ 
coxine£led by their Signs, 
d4-a+xa — b 



20 — Z A* tf 


21 


7.1 '\' zs a 


22 


22 + sa 


23 1 


n—pd 


24 


24+^* 


25 


a J ~ «/ 


26 


* 


27 

IP 


llmbyfithSlep 

4 


28 


And by 5th Step 


29 



" QfieftionSi. There are tbne Travellers^ Ay B, C, who havf 
ttwdUdinaU€2MUs: 

But if the Miles A travelled ^ is nmjkiplied by 2% and 
added ts the Miles B travelled multiplifd by 3, this Sum is 
ifuairto the Mites C travelled multiplied by 17 : 
• AM M 4 times the Mites C tra%feUed^ is added to thi 
^tlesjli travelled multipiied by 2, this Sum is equal to the 
Miles travelled by A. To find the Miles each travelled ? 

Let tf =5 the Miles travelled by A, e zz- the Miks travelled 
by B, ^ r= the Miles travelled by C ; ^ r: 62, b^ 2, ^= J, 
1913=17, Jr=:4, and 2 being in the Qudftion b^efijre, put aa 
new Letter for it. 



I 
2 

3 



ir + *+y=7 
ba ^dezz, my 

X y '^ b e zz a 



By the; Ql^eftion. 



Becaufe a feems to be iir as fiatfit Terms as aiiy in the riiree 
given Equations, and having its Value already by the third Equa- 
tion, therefore for tf in thefirft and iecond Equation write its 
Value xy-^-be zt the third Equation, which exterminates a* 

G g I. a 



226 , A L G E Ei R A, 

t I 

Here the Queftion is reduced to two Equations, a'nd'two un- 
known Quantities, then proceed as before, to find ..tbe Value 
of either yore, in each of thefe Equations, as fuppofe y. 



4 — be 
6 — e 

S'—bxy 
qr^fTf^bx 

8 . 10 

J I xm — xb 

12XX + 1 

ly^xbbe 



J4. + mbe 
15 +me 
16 — bxe 

17 -i 



% Step.) 
8,Qrio. I 
By Step 3. 



6 

7 

8 
9 



II 



12 



^3 



xy+yzzp' — be — e ' 

_ ^— ^— ^ ^jjg Co-efficients of / being ;if + 1. 
x-^i 
w;» — bMyzibbe'\-d^ 

y = — yi-f the Co effitieuti of j^ being «t— *;r. 

**L±£f =: p—i^-^^ in Ejiuation with only 
m'^bx ' ^4" ^ (pne unknown Quantity. 

: *. -f- I - J ^ ; 

xbbe+xde+bbe+dedltnp'^m6e-^ffte^$x 

-\^bbxe'\'bxe 

i/^d^-^bbl^r\rdezzmpr^mhe^fn€^pb'x^bxe 

Now bring the Terms . that have the uokoimifa 

Quantity, to one Side of the Equation. : • « 

I5ixde-^bbe^de'\-mbezzmp''^mje'^pbx^bxi 

16 xde'\'bbe+de'\'mbe^mje':r:Pnp — fiix'^Xf 
ij xde ^bbef-\^de:+mbk"{-me^^bxezimpi--fbx 

e m — — il — i- — . zz O9 tttf 

Divifor is the Co-efficients of e, conneded by 
their S^n^; 

20^ Z= 46 



■* ♦ 



\ fi 



<j 



K t * « I 




And PCs Shillings added to three times Ws Shillings^ from wmcb 
Sufftfuyiraiiittg C'f SiiHi^s^. there. remfiinfd.xz SbiUmgJi: 

£ut if A[i Shillings was faded to the PreduSf of Ws and Vs 
Shillings^ the Sum %vas.,Q^ How map] ShiUtfigs ha^'tftch 

Pcrfonf ;.;.;. /-. . . , ' ■-:- ' • -. -'v'^ . 

< . • - Xet 



ITbe Method of rtfohing^^monSf &c. 227 

■ • - ^ ■ I ■ - • 

. X^t «;=? A^? Shillings, v = B'$ Shillings, v = Cs Shillings,, 
i=i3, i = 34. 



I— jf 



* ..5 mntra^ed. 7' 



2 
3 

'4?l 









the Queftion. 



— ' .i •■ " (,?->! PeK;the Queftion it 
2 • 4 f 5 2^ — :y+3^ — ;yi=*/ reduced to two Equations, 

og^ ^-X-es^^kd C ""^ ^^ unknown Quan- 

T .. . V^ y-T >tittef. 



=4^ 

5^ — 2jrii:,4 



f 



» j^. 



No# find the Value_^pf /, or^, in.; thcjfixth and fsventh 
Equations, fuppofe^' . If- 

. ; i . . 

5#=;A + 2jf 
* + .2 y 

^+-^.y = J-^X an Equation with 
5 2 + ^ only one unlpiown 

Quantity, \ 

5 ■• ," '■• 

2 * + 4;^ + *y + 2>>' = 5 d-^ sy 

* ■ 1 

No*^ brfng Jill theQuahtities that have 7, to one Side of the 
Equation. 



. . • . -6 4- j^ 


8 


8-f-2 +y 


■i9 


7 + 2J': 


.m. 


10 -r- 5 


II 




A 


'1^*^ «.. .... 


12 




• 




.13 


/ 13 X 5 


H- 



H — 5^ 



15 



2b--y + by'\'2yy^=5d 



15 — 2^ J-i6 I 2yy + ^j^ '—>'.= 5^—2* 

t ■ ' 

• • ' 1 ■ . . . - ■ 

• .^' . ' .; » 

Here the Equation appears quadratiCf the unknown Quantity 
being to the fecpnd and firf^ Power only, but is not ambiguous, 
4ti}'t>e&lg:greater than 2il^i then by A«. 58, divide.^Jthe 
Co-efficient of yy» 



16-7-2 



I I ^y — y 5'^ — "2* 
Gg 2 



The 



aaSi 



ALG E B R A. 



The Work being now prepared for ent^Uating the Sfuart^ 
bccaufe the Co-eflkient of j^ is , to avoid theTrouUe of 

2 

dividing this Fra&ion by 2> and (quai:in^ the Quotient, fub- 
ftitute by Art. 57. ;r = JZi zz 6. 



Then 

18 ^13 

19 tui 2 



2 



18 



19 



20 



21 



J' J +^;' — ^^ — - — 

2 



y+- = \/- h-j- 

^ ' 4 



y=v/^ h — : =:6, 



^«hr4~}i"i'=s.Bsw»>p. 



4 a 
(e< SbiUinp. 



By the 4th Step 



Shillingi. 



• 

Queftion 83;. Three yning GentUmen A, B, C, having hen 
at the Gaming-Tables^ from comparing their Loffes^fnmi that 
twice the Pounds A loft^ diminijhed by the Pounds d lofi^ was 
equal to the Pounds C lofl : 

And that the Pounds A loji^ added to the Pounds B lo/l^ and 
this Sum added to twice the Pounds C loft^ the Sttm was 
19 Pounds : 

But if to the ProduSf of k's and C V Lofs^ there is added Vs 
Lcfsy the Sum is 26 Pounds. How much did each Perfon lo/of 

Ivct a zi A's Lofs, e zz B's Lofi, y z: C's Loft, dzz iq^ 
i==26. 



I 

2 

13 



— ezz.y p 
' e + 2yzzdfBy 



2 4 — e zz.y 

a + 

ay 



the Queftion. 



Becaure e feemt to be in the moft fimpla Terms, tberefoie 

fuid its Value. 



I + e 



4 
5 



2a IT y + e 
e ZZ 2 a — y 



a. 5 
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JThftQijeftionlshert 
reduced to two Equ.. 
tions and two unkoowa 
Quantitiei, for « U «». 
tenninated* 



2.5 
3-5 



6 contraded 



6 

7 



8 



Find the Value oia^ txj^ in the feventh or eighth Equations, 

9 
10 
II 

3^ 



7 — 2 tf 

9 -r-^— I 

. 8 — 3^' 

10 • II 
12 X a — I 



12 
13 



ay — y zii — 2tf 

^ b — 2 a 
J — 



a — I 
yzz d— 3a 

a — I 
i — 2iiz:rfa — 3tffl^ — d ^^0 



Now bring all the Quantities that have a on one Side of the 
Equation, obferving to have the higheft Power of a affirmative. 



13 + 3 ^ ^ i 14 

14— 3« 15 
15 — da 16 

16 — i I 17 



3tftf+A — T.a'zzda-^ d-^^a 

3fltf+*"~5^ — da z=. — d 
20 a — 5<J — dazs. — d — b 



Here the Equation appears both quadratic ztA ambiguous^ for 
the unknown Quantity is to the fecond and firft Power only, 
and it il ambiguous^ becaufe -^d'^b the Side of the Equation 
whidi is known, is negative ; dividing by the Co-efficient of 
aa^ as in the laft Queftion. 



17-^3 



18 



aa 



3 



^d^b 

■ * ■! I ■ 



llie Work being now prepared for compkating the Square^ 

fubftitute — ;r = ~ ^ "^ * =; — 8 the Co-efficients of ^ as 

3 

(in the laft Example, 



/ <" 



Then 


19 






i%eU 


20 

• 



a a -^ X a = 



— ^ — * 



4 3 



'b . X X 
- + — 

4 
19 w 



fe3«> 



A LG E BR A. 



19 lUi 2 



1 * 
20 + — 

2 



21 



22 



2 



1 

: 3 4 



= il±v^''-^-^ ^ ^' 



2 3 4 

(± 1 = 3» 0^5- 

• ■ - * ■ 

' For the Pradlice of the Learner, let us fuppofe ^ zi 3 
Then by the tepth, or eleventh Stepb - y^L lo 
And by the fifth Step - - - ^zi:6-^io 

zr — 4, which is an Impoffibility that / an affirmative Quan- 
tity, can be equal to a negative 4. 

Now let us fuppofe •• , - -' - ^ ^ 5 
Then by the tenth, or eleventh Stept - y zi 4 

And by the fifth S^ep - - - ,r ;z i 

Then 2. a — e zz y 

<!.+ / + 2j^ iz 19 
ay -|- ^ zz 26 

• 

And thefe three Numbers anfwering the Conditions of the 
Qtteftion, are the true Numbiers fought \^^6m hence the 
young Analyft may obferve, that in quadratic ifmblguvus Equa- 
tions, if one of the Roots of the unlt^owii^jl^antity does not 
^nfwer the Conditions of the Queftioii," helfiould find the oth& 
Root, and try that, before he concludes his Work erroneous. 

I fliall now fhow the Learner, the excellent b/lethod of 
refolving all Equations, be their Powers never fb bigh^' by the 
univerfal Method oi Converging Series, 



67. !7^^ Refolution of AdfeSied Equations^ 
by the univerfal Method of Converging 

Series. v 

• C A S E I. 
Eoc, i.QUPPOSE there was given a a a +tf 21 9282, to 



find a. 

Then fuppofe, or imagine a to be 
Confequently the Cube of //, or a a a is - 



20 
8000 



Thefe being added together, becaufe it is tf J I? 4^^ 1 j^*^ ^' 
in the given Equation, the Sum is - • 3 oQ^o- 

Hence 



Xyf Adfe£ted EquationSy &c. 231 

Hence a muft be more, than 20, for if that had been the t,rue 
Root, the'Cube of 20 added to its firft Power, or 20, muft 
have beenr equal to 9282 the given Num&cr, for thefe are 
the fame Powers oia as in the given Equation ; but that Suni 
being only 8020, which being lefs than 92S.2, tbo. Valuo of a 
muft be more than 20. 

Now let r =r 20, and for what 20 wants of the true Num- 
ber or Root, put e: 

Then will r+^n «, or the true Root ofthe Equation*, hence 
by determining what e is, we find the. Number . that is to be 
added to r or 20, which Sum will be the Root of the given ad- 
feded Equation, to do which,s put down. 

Now raife this Equation to the third Power, becaufe we have 
if a a in the given Equation. 

Add the firft and fecond Equatidns together, becaufe in the 
given Equation it is aftftf + ^. 

But from the given Equation 
a aa '\' aziz 928*2 

^^+3^''^+3.r<?+^f^+r+f=9282 

Putting this Equacion intp . Nunokbers^ 

and rejefiing the Powersoft above ee^ 

8000+ 1 200f +6oi?HT.^o+^s:9»8i2 
8020+1201^+60^^^^9282 
i2oi^ + 6o^tf:;i 1262 ' \. 

Divide by the Co-efficient of ^^,*^nd 

we have, 
20.oi6^+^^+=2i.o333tfi/«^«i/*OT.* 
Dividing Ijy 20.oi6+^, that is^jby the 
, . Co- efficient of i plus e, abd^ weJhaY^t 
■-, 21.03333 ./ . « 

, 2o..o.i6+<? !' , . y . . ,: 

In Numbers thus.' . 
26.016) 21.0333 (iizV 

I J . 

— — . 2|0I9 
21.016 ■ " " >' . ' ,.j 



1 + 2 


3 


It IS 


4 


3.4 


5 


5. iD'Nimibers 
. . That is 


6 

7 


7 — 8020 


.8 


. : . 7 -rr 60 

■r * •' 

1 


9 


1 ', 


• 


^20.016'+* 


10 



■'i'.' 



Topihi ttiSi^ of 2i6m% the ' 
QMtienfi Vigatey or i, to the ^ 
Pv^ibr» jfih.Af^ 6%, fa the 
ant Page. 






-•»■•■ ri I « n ' 



, / ^ • . . . , . y 



I.. 



. 17 ' the Rematmijpr * 
(being vpry firiall rejed^ii^ 



232 ji L G E B R ji. 

By this it afMpeare that #=: i, that is, i is to be added to the 
firft fuppoled Number 2o, which Sum is to be the Value of #, 
or the Root of the given adfeded Equation. 



We aflbmed r=20 
And found ezz i 



r + #=: 21ZZ a 



To try whether 21 is the true Root, raife it to the ftfcnl 
Powers of II in the given Equation. 



a ss2t 
a = 21 



21 
4* 



a s=z 21 



441 
882 



a a azss, 9261 
« =aB 21 



Then 11 17 u-}- 17 r: 9282, which' being the (ame with the 
Number in the given Equation, it appears that a ^^21. 

68. By reviewbg the Operation^ the Learner may obferve, 
' Firjif That we fuppofed a Number for the true Root, which 
upon Trial was found lefs than the true Root. 

Secondly^ For that Deficiency or Want, we put #, or any 
other Letter. 

Thirdly J By connecting r =: the Number firft fuppoled to be 
the Root, with ^ by the Sign 4*9 we have r + ^ for the true Root, 
r being a known Quantity, and e the unknown Quantity. 

Fourthly J We raife r + f to the feveral Powers of the un- 
known Quantity, that are in the given adfedted Equation. 

Fifthly J Then we add thefe feveral Equations together, re« 
jeding all the Powers of ^, or of the unknown Quantity above 
the Square^ for in the given Equation all the Powers of the un- 
known Quantity have the Sign -|-, but when any of thefe have 
the Sign — , then their refpedive Equations muft be fubftraAed 
as at Step 5, Example '3, Page 238. 

Sixthly^ By thefe Means we have an Equation in the Terms 
#f r and #, equal to the ghren Equation. 

Scvintbljh 



^^P'^kiM 



Stvi^tlfJ^i Xtwn this E4]Hati9n .isLpu.t jn. Nu^tierRj. rt 
known Quantity, and the lefs abfolute Number is tranfp 
the Side of the Kquntion of the greater abfoiuce Numlierj 
fubftrafled from it. ■ . . : l 

Eighthly, Afiot tliu, the Equation h dividul 6y the ( 
efficient of the Square of t, at ihe:unkiiown iQuaniity, 

Ninthly, This laft Kquation is idivttled by the Co-efficient oil 
* plus tf whki) leaver e on one Si^ of the Squa^ioti ^ Ulblf. I 

Ttniblyt In the Arithmctici) Work, bec»ufc the M Divifor I 
confifh of a Number Plus e, therefore^ as the Quotient Figur* 
J8 found, it it added to (he DivUbt to make iccompleat ; andr 
if the numerical OpeiaUon had. been cpntiniied to more Places \ 
©f figures in the Quotient, th«n the Quotieat Eigure i 
twice added, once when it ia-fuunfi, aqd onpe at the next Step 
in Ibe Divitico, as in the next Pag?* ' :.,,',. 

EUvsmh^, The Quotient thus founji beipg the Value of e, 
or the unknown Quaiuity, <t is added to the Number firA Tup* 
pofed to be (fae Root of the Equatkxi, which ii rcpre&nied hf r, 
and thi» Sura is fuppoTed to be tbe Root requiced, ;■ 

This Operation to luidf is the fama as tbe common Method i 
of finding tjje unknown C^iaotity, till we cotpc to the tenth' 
Step, where the unknown Qu^^ntity, making Part of ihe Divifof, 
it is carried to the other Side of the Equation, and the Div 
being a known Number + '> 'he Quotient as it is found i|.^ 
xdiJed to the Divilbr, to tn^ke iC copipl^jt js b<^(-tncr>tioned. 'I 

But if this Number fhouM not be the true Root, the Opera- 
tion mull be repeated, making the Number tfnn fbtmd =: r, : 
and at the iitcond Operation, the Wpffe io any oomssdR CJw' ] 
will befufficiently exatl: Artd from the Repetition of the Ope- ' 
ration, whereby we apfrtaeh nearer >nl Clearer t o th e t rue Root, ■ 
this Method is called the Method «r Cmvtrga^ StriH, or tec»l 



Example 1. Suppofe aaa 4-<jff4-'*^42997859j'Wi!lKl a 

Suppofe n to be 

Then the Cube of ■?, or aaa is 

And the Square ot d, or aa is 



300) 

27000COO 
.qoooQ 



Thefe being added, becaufe it is adu+aflij-a ) - -^ ^ 
I the given tqumion, the Snip U - ~ - ? "^^^^^ 

But 4,2997850, the givcnNumljer, isgMat«ttm27jOQ03«iCi*, 
therefore the Root mult be more than 300, 

Hh K<n 



.*34 



.-., A L GM R 4- 



■ ■ Now kt Vas 30O1 'Xttl-Vm^'What jdo Wahte of tlie tnie 

Root-:'--'' '■ ■ -^^-v: '■■■■■ 



Then 
vtk 613 > 2 






!, I.. , :-.-J(:iMJBit. 
6 in Numbers 
. . . 9 -^ 901 



:rrri(»3lir#+3r« I According toParti- 
- ::: --4»M^±&aaff ( cuUr^, Art,68. 

tzr'nMir + iid + di'byParticulin 5 
...and* Art: 68.' ■' ■ ■ 
ini4i^f<iii4-<i=4^978jO, frOmtbe 
I r^en.£quatioA, - ^ ' 

,+«= 42997 8sa :, ,■: 

— )- 96000 -f 6.36/ -4* f<^+*997850 
a?09D ^cci+27060 1*4-901 «iae4»997850 

r2.7o6Bi^4-9o>"*= '59*755° 
.3db;334« + ? ^= 17655.43 ^*»» 
"Particular*, Art. 68;-' '■ ■ 
'. = .'765,5-43 ,;,fro,n^articvbr 9, 

■ 'S^o^SSl+f ' .(Art.eS. 



!■-::' raM-IJ^ IT^SS-W <J0'J4*=A rfwifirfl Figure bdng 
.-.r.r';r5' .wW.... ..■■- it tbePI«a«frm, Place the 



IJiv*r«r>js©<3,34. . si g 5 16.70.- 



..,5 ^indei^ the Place.of Tois in 
.' the Divifor.} and fhit the 



0i'.l5teJt";.;' . ' i a J i .'A * m ' A : Reader ia tojOfafervte, toplacc 
T.-f^S7!gao:Ljr;the C^riou E%irei be addi 
'.::i2IDi90t':f.r;<0.tbB Divjl()r,.muler tboleof 
the £iine Denomisation. 



Divi^24a>.9>4 . 



1853980 
, .i£Q3i^96 , 



250084 



■■•--■■ 'rr_= ;3Q - -1 ■'■■. ■< • 

- ■ - C=,-50^4V -' "■ ■ 

"'r'+^ = §50.34 = ir, bcnw-tfiippife^heRooiof the giren 
Equation is 350.34 but to try it, raife 35O.34 to the Iweral 
£tf«e^i3aiStf4tf<)W-*gtt)iii:£qQ«i;M. . ■ - 






> I 



Of Adfmei^ ^taHa^^iec: 



«35 



><'>• >■« 



- J'^ ■ ' 






%'i!:.\.' 



tf^J±fiM738.i|!56 ' 



»»»! 






4-^ 



ai=z 



350^3* 



« • •! •« • 



• • • >■ • •> 



. lit .' • • *i I » s''■'*^ 






■ J I ■ . > i« • 



r II 



•«««*fp 



I ll •! > I. I 



■".' 6136(9057800 

:V36ggl43408 ^ r 
«««=: 4300007 1. 4 19304 j 

.. Th^n .4Ur:4r.^ iftf 4^ tf :5: 43**3159.874964 ii?hich being 
greater than 42997850, the Root /Buiiiot be fo'mucft as 350.34 
and this' leads us ;^ .e:¥pl9iQ th&-Method when ^the Number 
^ffumrfis^rlW/r'lhin^hcjtriKBLoflit, or. 






C A S« 2, 



' « «k 



I^et us take the laft Example, viz. aaa'\-aa'^a==4,2qgyZ^o. 

And fuppofe the Root to be 350.34 which we know is coo 
much by the laft Operation : - • m*;.'' 

That now put ez=: the Number tobe fubftraded from 350.34 
fuppoiing r = 350.34 and to. r ^Mkt&xng t by^fieSign — , 
we have, 

r— tf=^, or the trueKooTv^ P&iti * 

I Art.68« 



I©- 3 

I ©• 2 



I 

2 



zzaaa 



Now colleA there three Equatiops by Art* 68, Particulars 5 
and 6, and rejecting fee we have. 



. , ■ ■ .■■•-». 
• •-. ■* 

But 
4-5 



i 

5 

6 



i 



• Vw* 



jjtf + ^^+^^=4^997^5^> from the 
giyeCLEquation. ;■ . .. ,„ff 

I 4;^^= 42997850 

'Htf2^ ' ' ' 6 In 



6 in Num, 
That is 



8 — 



9 + 

10 — 



■< I 



» • I 



> 



« 'I - 



XI ^ 



N^ffi 



7<J 35&'34*-' +4300007 1. 42— 368214,3468 f 
cjifp5i.02r/ + i22738.ii56*-7OO,68tf 

p , +//=42997850. 
& I 43^123159.8756^368916.0268^+1052.02// 

iip ofe 42 997850, it being Ids than 

9> 125309.87567-368916.0268/ +I052.02/# 

-- : '?=:"Oi:fer«ne'Sidc of the Equation bong 
fiibj^^lffted from the other Side, the Re* 
Dfiaiiid6r,^uft be nothing, as both Sides of 
j^ lE^tion are equal. Now tran^pofe 
the teViira]^Qua»tiii«6 which contain / to 
'the other Sfde-t)f the Equation. 

125360-8756 +T65i.02// = 368916.0268/ 

3689 16,0268^?- 1052,02 //== 1 25 309.8756 

Here .dlvidiiig %' thc^eolcflkieiit of// 

as h^dm, 



10 
XI 



12 



M-^ 13 



« I ■ . « 



" ^*' ' :«i,i 



• • • I 



lS0.6n^^^^ ttq.tr ^ ' '• v" 

But Aow 4inriiie by tlM CO'iSelctyt of #« 



350.67 3-< 



». . »-» 



In Numbers. 






— •3 



t «• 



Divtfitt a5<>-373 

-^•34 

. •— < 



'051? 19 



i«fc 



r 



Divifor 356.033 



1400160 
J406i'32 

"' 2?- 



I 



Bknifg thus determined / to be .34 it muft:ilDW1)t fiibftraft- 
cd from r, becaufp it wafs MTiHiMd r -^ / :ss the true Root* 

;. '■..*■ 

But r was fuppofeA ==350.34 
— ^, whi<b n^e havt foun d == V *34" 

3 JJcncc r «-.# ss 350* si ^, the Root of the given 
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sdfefled Equation, which is ):)rovcd by raifing 330. to the fevcral 
Powers of a in the given Equation^ 

Thus, a a a = 42875060 
a a ■=. 122500 
3S0 



Confequently aaa •\'aa-\-azz.^2qr)-]Z$a which being the 
fame Number as in the given Equation, it fhows (hat a a 
txa&iy equal to 350. 

In the above Operation, at the thirteenth Step the Learner may. 
obfcrve, that the Divifor is 350.673 — *, therefore here, as the 
Quotient Figure is found, we fubJlraU it from the Part of the 
Divifor 350.673 to have the Divifor compleat, which islikewlfe 
done twice, once before the Divifion ig made at that Figure," 
and once al^terwards : But in the iirll Cafi when r Is afTumed 
too little, then the Quotient Figure is added as at Particular 10, 
Art. 68. the Sign then being contrary to what it is now. 

The Learner may fiirther obferve, that by this fecond Ope-, 
ration, we have found the true Root, whereas by the firll Ope- 
ration it was .34 too much, and therefore if the true Root does 
not come out at the firft Operation, make a fecond Operation, 
fuppofmg the Number found at the firft Operation to be r, and 
call it r-\-e, or r — e, for the true Root as theOccafion requires, 
that is, as the Number at the firft Operation is either greater or 
leflcr than the true Root ; which fecond Operation will give the 
true Root very near, and near enough for any common Cafe, 
though if the Arithmetical Divifions were continued as they 
would not terminate, do not give the true Root exa^y, it 
being like the Divifion of ihofe Decimal Fra£tions which never 
terminates, and as in thefe Divifions we leave off when the 
Quotient is to a fufficient Degree of Exadtnefs, fo the fame is 
done here when we are near enough the Truth ; and in common 
Cafes, two or three Places of Decimal Fraflions are fufficient, 
and according as they happen to be chofe the true Root is fome- 
timcs found ; though in general you may continue the Divifion, 
Xt the fecond OferaiUn, to as many Places of Decimal Fraitiofli 
as there ate FraiSions in the Number found in the firfl Operas 
tfon, which Number in the fecand Ofierallan is put zz r: And 
after the Number found at the fecond Operation is added to, 
or fubftraifted from the Number found at the firft Operation, 
if there is a very fmall Fra<;>ion you may rejc£l it ; but if 
the Fraiftion fhouM be very near an Unite, then take i for it, 
which add to the Int^ers, and try whether the whole Number 
thus found is not the true Root. In Arithmetical Queftions 

whofe 



« 



i 



238 A LG E BRA. 

whofe Anfwers are often in whole Nanibers, this Caution may 
help the Learner to chufe the ^true Root exactly* 

The Reafon why jhis Method does not abjilutely give the true 
Root b the arbitrary rejcSihgaU' the Powers of ^ above ee. 

•r • 

Example 2^ Admit tftf^—*if-4-ti=4652676p, to find 4. 



Now fuppofe ^i=40il . 
Then aa a is 



i.i •■■'» 



- -•' '64000000; 

Atfiaa is iftoooo, which muft ht fabjiraffedf • jAqqqq* 
becaure it ip -^aa \n thcgivcn Equation, r "' ) "'■ ■ ' • ' ; 



' f « •# ■ • 



i ^H ' ■ 



■ , , .'.6384^000 ' 
Tq which adding a^ or 400, it belfle + (i^ih J 
the given Equation .- -- ' - ';\ t ^ 

Hence aaa — aa^i-a is - . - .'\^j^.- 63840400 

Whith exceeding 46526760 the Number in flic given Equa* 
tion, 4 ii^ujl be lefs th^-4o'Q. 






Then let r = 400, ^ ^ the Num.bcr that 400 is too qiugh^. 
which beiVg the y^cW C^; 

Hence I i 1 r — ti:=.a 



1 &- 3 
i ^'2 



2 
3 



rrr — irre-^-^r^f-^eeeirzaaa 
rr — 2re'{'eedzaa 



Biecaufe in the given Equation the Quantities a da and a are 
4i^rmaUvey therefore add the fir ft and fecond Equations tpgether. 

i +2 I 4 I r-'-^'^-rrr — 3rr^+3r^tf— «^=ii^tf+tf 

■ ■ ■ . - • 

Becaiuiein the given Equation it is — aa^ thercfort fub/ira^ 
the third Equation from the fourth, or Sum of the firft and fecond 
Equations. And here the Reader is to obferve, that if in the 
g^ven adfeded Equation, any Powers of the unknown Quantity- 
iMive the' Sign — , the Equation which arifes from involvinj^ 
r — / to fuch Powers, is to be fubftra^ed inftcad of being added. 



4-3 

But 

5.6 



5 

6 

7 



r'^e'\-rrr — ^^re'^^ree-r—eee'^-^rr 
^2re''r^ee-zzaaa — aa^a 

aaa — a a + a •=: 46526760, by die 
given Equation, .1 

r — t'^rrr^^^rre-^-'^rte-^ese^-rn' 

4- 2r^-^^^= 4655^6760 

Putting 
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Putting this 'Equation in Numbers, and rcjc^ing all tlie 
Powers of.A aboycy-/. 



7 in Numbers 


8 


40D — « + 64000000 — 480000 e + 
1300** — 160000 4- 800f-:-ftf = 

46526760 


8 contraaed 


9 


63840400 + 1199** — 479201* = 

4652.6760 
Tranfpofe 46526760 it being lefs than 


— - 




63840400 


9 — 


10 


17313^40+ "99"— 479201 £=0 

Now tranfpofe the Quantities that have 

1, to the other Side of the Equation. 


10 + 


11 


479101'= 17313640 + "99" 


- 11 — 


12 


479l0i*—ii99ff = 17313640 
Dividing by the Co-efficient of ee. 


.,-ia-r^ 


13 


;3Q9,66*r^><= 14440.06 
,Nowdi»idinf by the Co-efficient of *, 

















,_X4440-q6 


'v.. '3'-*-. 


H 


399.6^-' ; 


In NuibTwrs fliu 




399.66) 


4440.06 {\o.ih = e. 


— 40. 




DivifoV 359.6^ 


14386+ . ; ■': , 


— 40.1 - 






53660' :*' '■■ 


Divifor 3i^.56 


31956 : ' 


— .16 






217040 "- ■ ' ■ • 


DiTi(<» 31940 


' I 


9(640 - / ■ ■ 



25400 



Now I 



= 400 . 

r ^- * = ^59.84^= cr, anS to try If tbu is tbe true Root, 
raife it to the leveret. Powers of it, in the glveti Equation. 
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i*^«^ 



« = 359/84 
a = 359.84 

143936 
287872 

3*3^56 
l799io 

I079Si 



a a = 129484.8256 
"— 3 ^ 59-84 



iW^F*! 



Mtf 



5179393024 
103587 8PO48 

11653634304 
6474X41280 

^^ 3884 54476> 

a a a — 4^593819.643904 
• ^a azz 129484.8156 

Remains 46464334.818304 
+ <»= 35984 



^rfi«M 



Sum, Of aa a — aa + a=i 46464604.658304 which being 
lefs than 46526760 the Number in tpe given Equation, the 
Root or a muft be more than 359.84 

Therefore, for a fecond Operation, fuppofe r = 359.84 and 
e = what it wants of the true Root, then it being r -f- ^ = ^9 
it is now thcfirjl Cafe, 



Therefore 
I ®- 3 

1 @- 2 



I 

2 

3 



1+2 



4—3 
But 

5.6 



5 
6 



r -^ e:=za 

rr'\-2re*{'iesss/ia 
Add the firft and fecond Equation toge« 
ther, becaufe in the giyen Equatico 

itistf-f*^^^- 

''''''+3''''^+3'''^+^^'+''-f^=«=tftftf-H 
From this Equation fuhftrad the child 

Equation, becaufe it is — -aa in the 

given Equation. 

'''''"+3''''^+3''^^+'^^+''+tf — rr 
— zre'^eessaaa — aa-^-a 

tfutf — ntf + tf =546526760 by the 

given Equation. 
rrr+3rr/+3r#/+/#*-f-r-j-tf— rr 

— ire — ^f =46526760 



But 



7 in Numbers 
8 coiitraftcd' 



Put thi6 Et|iialioh in Numbers^ and re- 
jcA-'therPovcrs of ^, tfbeve ei. 

814659^19-644+ 38«454-4768 ^ + 

46464694.6584 + 387735.5^968 i + 
1078.52 //=46326766 



9 

10 



I 



JO 



12-^ 



u 



X2 



387735*7968 e + 1078.52 / / != 

6206^.3416 
P|v^di^g;by the Co-^£Sc^nt,of //• 

359.5 ^ + ^>^ 57-54-7 ' 

Now dividing by the. Cp-cfficicnt of e 

plus 9. ' . 
._ 57-547 
359.5 +c' 



In Numbers thus. 

359-5) 57-547 (.163=/. 
+ ' .1 



rDivifor 359.6 .3596 

.16 



215870 



Pivifiir 359.76 .^15856 



nmrnm 



14 

Tbe Reader will obferve that in this Diviiion^ I have taken at 
^#iicc two Figures froqi theX)ividend^ vi%. 70, bccaufe in adding 
'^^•x6tb tneDIyiforVtlieNai^ is increafed 

Inr one, thierefecc I take one Figure more from the Dividend 
jdyn is uiual »' Hvhichls recommended to the Reader's Attention, 
'*4^ be ib^y asaiA m^t with the lame Cafe. 

,+«.= .16 

r f4-^xs.36a.oot=:<7> which will be found to-be the true 

Roor,:bxmvfiilving it to the feveral Powers of a in the given 

. Eqmtipn^ and addiiig or Tubftra^ing them according as thofe 

JFowcTB of tf are: there connected by the Signs + or — . 

: . Jt may. not be improper to inform the Learner, that the nearer 

;..the Number is taken to the true Rpot, th^ nearer the Opera- 
tion will come to the Truth, and therefore after he has tried the 

.fii^ SuppoJitioHy if he thinks he can make a fecond Suppofition 
nearer the Truth, it may be coxivenient to do it, which perhaps 

•.:. li may 
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nay bring out the Root fo xunr at the firft, that it may fore 
bim the Trouble of making a, fecond Operation. Tbus^ 
If tftftf.-h"+^=^4942070| tofindur.. 
Suppofe tf to be ICO. 

Then the Cube of ^^ or aaa is » ' • lOOOOOO 
And the Square oia^ ox aav^-^ - • ^ icoco 
And fl is - - - • 100 

loioitx) 



The Number in the given Equation is - 4942070 

If we foppofe a r= 100, then the Sum of its ? .^.^.^ 

fcveral PowcTs are - . ^ J '^'^^^^ 

Difference wanting - - - 393^979 

Now let us make a fecond Suppofition, thus, 

\i azz. 200, 

Then the Cube of ir, or aaa is « - 8000OOO 

And the Square of ^, or ^ j is • - » 49p00 

And a is - - - • - aoo 

Sum of the feveral Powers of tf, if tf is 200 - - . 8040200 
The Number in the given Equation « - 4942070 

Difference over - - - - 3098130 

And as the Difference on the y^r^iri Suppofition is not fo 
much as the Difference on ihtfirft Suppofition^ T conclude that 
200 is nearer the true Root of the given Equation than lOO^ 
therefore it muft be more than 150 ; iiippofe it 160 and try 
with that, and if it be lefs than ju/i^ it muft be r =3 160 ana 
r^ez=:ai if i6oht too jnuch or morg than jufi^ thenitoiuft 
be r-*-^ = /i. ^ 

In general when there are two Suppofitions made, and oQs 
happens to be more thanjujly and the other lefs tbanjuft^ if dw 
Difference between the Suppofition where the Number is mott 
than juft, and the given Number, is lefi than the Differeooe 
between the Suppofition where the Number is lefs than juft, 
and the given Number, tho' the former Suppofition b nearer 
the Truth than the latter, yet the Contrary does not Follow : 
For iif there are two Numbers, one double the other, the Cube 
of the former will be eight times the Cube of the htter : How- 
ever, in fuch Cafes, and where the Numbers are' high, it may 
be convenient to make a third Suppofition between Che two 
former, and proceed by Cafe i or 2, according as the fuppoiel 
Number is more or lefs thanjuft. A little Attention wQl fliDft 
the Learner in making thefe Suppofitions. 

Having explained the Method of refolving adftded Equafiooly 
we proceed to fuch Queftions as produce thefe Equations. - 

Tit 
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JZe Manner of folving ^eftionst 

■ the unknown ^antity has fiver al Powers 

in one Equation^ and only the firfi 

■Power in another Equation. 

^.TTT HEN the unknown Quantities are to the lecond 
W and firft Power in one Equation, and but to the firft 
Power in the other Equation, find the Value of Chat unknown 
Quantity ; in the Equation where its Terms are the more limple, 
laife this Equation, or Value of the unknown Quantity, to the 
feveral Powers of the unknown Quantity in the other Equation j 
then in that Equation for the feveral Powers of the unknown 
Quantity, write, or put thcfe Values^ which exterminates that 
unknown Quantity, leaving an Equation with only one un- 
known Quantity, which may be refolved by fome of the Me- 
thods already explained. 

Queflion 84. There an two Numbers^ if the Square ef the 1 
grtpter is dividid by the lejftr, lo tbij patient adding the greater^ ' 
from wliich Sum fut/t railing tiie Square of the lejfirj the Remain- 
tier is 100 ; 

•; Jad the Sum of the two Numbers it 50. Ifhat are the Num- 
iersfaughl? ....,-.-. ■. 

rXet-«=- the greater, tzz tbe- WT* Niipiber, js = lOO, 1 

' = ib. .;..v-., .;. .■.,,.>-'..l, ;■" ' 

l» ,"7 r*d J». jrfl^'^+at^^^fflZBy the Queftion, 



\2\a-i-e = p 



In the firft Equation both the unknown Quantities arc to tha 
dbftand fccond Power, but in the lecond Equation they areo; 
^ to the firft Power ; therefore, according to the Diicdions, fiod ', 
the Value of a or e, in the lecond Equation. 

<■ i' 2-e\2la-p^e 

'^'Becaufc a is to the fecond Power in the fiift Equation^ rails 1 
the third Equation to the fecond Power, 

*' n a 
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3 ©-a I 4 I aazzpp — %p4^fi 



•N.^j; 



tivc- 
and 




1.3-4 .5 






. t 



> • « .1 •< 

TJiar is 

9 in/Nni^bers 
That is 



pp 



•-iapt-\ -ltJ_^_^ .._ 



- A N \ * 



an Equation from which a is exter- 
r. jminated, and cootihis' only tbroi^^ 
J. '^QwpQuKW.4itrj!..: 



<■ • 



7. 
8. 



.y 






.i 1' 



r ?i.] f ^ ^ rl- ISO ^ = J»5^ . 



. Here thi: Equation appc^^rs tP ^ ddfehU^;im. fp idblve iiy 

kt us fuppofe ^ = g. \ 



■» /I- • • t 






Then i e ezz 729 

And 150^ = 13501 K : : •'•' 'C .. j^ 

^ 2079 whic^bciiig Idi tWtt >jfO0i tHcMfiM?) 

muft be more than 9. • . .v. .■...: ; • ■ vt 

iy then by Co// i. Art. 67, we have^ 



I . I . • 



tcj^SSSog 



Baofiife 



fore multiply the firf! Step by 150* ■ 1 

— — « *- ■ • ' *■ 

y K ?5o,1.3 1 159 '■ + 150; =.'50.' . . T 



• -rf • ■ * 



Now add the fecond and third Eqb«tions'to|setber; Icdtofc 
th^ like Powers of / in ^du^^if$&ii £qicatioiiy"ait cohndStei \fl 

the Sign -^. ..... ^\\, . v :*.*/ ... 



But 



4 r^r+3'''-7+3''7J'+i5o^ + '5o^ 

5, f r^.+ 150 ^ :^*jt50Q, by the gfven 
I " Equation* 

4-S 
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* oinNtimbere 

y con traced 
8— 2079 



10-^14.55+7 



rr»- + 3rr/+3rj>+r5or + i5ojr| 
=; 2500 ♦I 

729 +2437 +27;';+ 1350+150*1 
=: 2500 ^j 

2079 + 393;' + 27 >;■= 2500 " 
393J' + 27J';' = 42i 
Dividing by the Co- efficient oiyy. 
14-55^+;'?= ISS9 " - 

Now dividing by the Co-effirfeitf oF^pi 
plujy. ' 

..— '5-59 



J4.55+;' 
Operation 14.55) ^558 (i-=;' 



iJIvilbr 15.55 

tiii.i, . 



3 Renuindei' jiedcAed. 






r+jin 10^', which being involved and tried wiil be 
found 10 be the true Root: Hence 10 is the leiTer Number foirght. 

Then by the third Step of the Work to the Queftion a =: ^ 
— £ = 40, the greater Number fought. 

In the Divifion for finding y, the Learner may obferve, that 
as the two next Figures in the Quotient will be Cyphers^ and in 
the Places of Fraftions, and the third Figure in the Place of 
Fraflions being of To fmal] a Value, I proceed no further in the 
Divifion but leave it as in the Work, and fo happen to find the 
true Value of e. 

Queftion 85. 7wa Men A end B, havi fuch a Number ef 
Psunds, that the Peunds A has, divided by the Psunds B has^ 
and from this ^otient fubflraliing three times the Square ef B*i 
Peunds^ and to the Remainder adding the Square sfA's Ptundt^ 
the Sum is 27. 

But if from the Pounds A has, there is fubjlra^ed the Psunis 
B haSj the Remainder it 5. Hovj many Psunds bad each Alan f 

Put u = the Money of A, « = the Money of B, 



—%te-^aa^ii 



joia,d=^2f. 

By the Quellioil^^| 

-J 



i\b 
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V. lo ths firft Equatioil i an3'/ Mug to the' firft and feoond 
Power,, and to the firft Pomto* cmly in the fecond JEquatkuH 
fbcrefore by/the Dirediohs. iind the- Value of a^or 9^ inthe 
icoond Equation, fuppofe we find the Value of a. 






2 + ^1 3l^ = *^ + ^ 



., ■>► 






Raife this to the fecood Power, \becaiiie k -to jhe fecoad 
|?ower in ^firft^uatioa. ' \ -^ 



.•/• 






« \. ' t 



Now for a and aaih fhe firft Equation, write their refpedire 
VtIxxsj x+e, undxx + z^t^+ii* •.•«.:.;■./• 



I-3-4 



It. 






5X^ 

Tbatii 
7 tprNunbenl.* 18 

10 



i^'— 3fr4-^^+a*/4-^i«aii^ here 

tf is exterminated, for the Equation 

contains only the unkndiWnTjMaui tity /• 

x+e — 2^ee+xxe^zkiey^iiessdi 

X'i^B^^Tfide+xxi'^lx^^zz'df' 
S'\r'ei^Z0ii^r2Si4* io»#»a7e '- ■ 



6 



4 • 






8 -f - a^/ «. 

9 — ID ^ / 

1?.' "J ■ . i/ii *«i i." i»< 1 1 » 

-■ iTo i«i!v^ thfe'Ec^tlon, -Tujipbfc, / rr 6. ' . ' ^. 

TThcn 1 # / / rz 43a /. : ^ •. ; : 

■— JO/ / zz — 360 

... '; 

-}-./ IT '6 . ' ■ ■ 

„ ^ ,/..-, ., .78 wiiich bciag greater than 5^ the l^um- 
r iii the gi^^n Equation, hence g cannot be ia. jtouch as 0^ 
thae/ore, • : " 

I: '\'. ■ • . * .. . 

a ■ ■ ' ■ •■ 

* •! • ■ • t . ■ « ■ ■ ' J ^ I »* 

Let . r = 6, and j^ cr what 6 ^s .too much, then by CaA 2f 






I ©^3 



I 
2 



r r r -—'3* r r'y + 3ryy:r^//rc- 
je<^^g the Powcre of y above yy, 

Begaufe 
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Becaufe !n the given Equation / ee is multiplied by 2, there* 
fore multiply the laft Equation by 2. 

Now raife r — y^e to the feoond Power, after which multi-* 
ply it by lo, becaufe it is xo #< in the given a4fe^ EquatioiW 

4 I rr — 2ry +yv=z^4r.- . 

5 I 10 rr — 29 ry+.*o>jfi:iO/# \ 



I'i©^^ 1 
4x10 I 



Then add or fubftraSl the Equations that are equal' to 2 r / ^^ 
.loee and #»,acqoiding as thole Quantities, feaye, the. Signs + 
« ~, in the given adfeSiid Equatuui. 



J 1 t. 



3—5 + 1 

■ Bill 
6.7 

9 contracted 



7 
8 

9 

10 



2rrrt— 6rrjp+6>*y;f — iorr+20qr 
>— loyy + r — yimeee — loee-^e 

2iei^^io ie -f-.^z: 5, by the given 
Equatioo. 

2rrr — 6rry+6r;^y— iorr4-2ory 

— loyy + r — y ir 5 

432 — 216 y + 36y;^— 360+^1207 

— loyy+6— ;r— 5 

78— 97y+26y;^zis 



Tranfpofe 5 it being lefs than 78 

10 — 5 



II + 97J« 
. 12 — 26;^y 

13 •r-26 



x4"^3-73~> 



IX I 73'~'97^ + ^^ J^^o, for one Side 
of the Equation i'ubftradted from the 
other^ the Remainder mu(^ be nth- 
things both Sides of the Equatioa 
being equal to one another. 

73+^6y;^=:97y 

97y — 2byy = 7^ 

Divide by the Co-eff^cicnt of yy. 

z^ny—yy — 2^.807 

Now divide by the Co-efficient of ^ 
minus y, 

' — 2.807 ^ 

y zz . .. V ' 

3-73—7 



12 
13 



IS 



Operationi 373) 2.807 (i-?:y 

— T, 

-273 



Divifor 2.73 



7 Jtemtinder negleAed. 



rzz6 
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r ir is by SuppoCtion^ ' 



r — yzz S^zej yMch being invDiied and 4iied it' will be 
found to be the true Root» hence B bad 5 Pounds. 
- Then by the third Step of the Woric to tbe^^ueftbn ^ =: 4r 
«H^=«io Pounds, the.Money A had. 

70. The NufiuricMl Mrtbed of nfihing adpBgd EpmtUns 
biing ixplaimd^ we Jball now Jbow ibi lieamer,. 4lfgt iwrj ai^ 
fiSted jafuation has as manyJRaots either real Qt imaginary^ as 
are the btgbejf pimenfions ofsts unknown Quantity: 

For in any Equation wlwre the higb^ Power of the urt* 
known Quantity is the Biquadratic, or fourth Power, then 
.there may ^be four ^VsUues of , the unknown Qtiantitv » if it is 
tonly to the third Power, thea. there n^y be three Vafues of the 
unknown Quantity, and fo on: Bin there canpot be oioreRoou 
6t Values of the unknown Quantity than tjiere are Dimenlioas 
.in the Equation. 

Thefe Roots are fometimcs lO^rm^W, spd fomettmes negd^ 
tive^ and fame Roots are isnp(fff!ble^ ,The Reader obfibrvingLl^w 
Quadratic Equations were compounded ^nd generated, maybetter 

underftand the Nature of ttiele ^QOts* ' Thus, 

• 

Suppofe A = I, then 17 — i =z o, a^iii fuppofe « = 2, then 

« — 2ZIO. 

Now multiply theft two togjetber * - . a— - 1 z: 

' a — 2=0 

aa — ^rro 

— 2^4-2z:o 
An Equation of two Dimenfions, whichT \ 

has two Roots, v/2. I and 2. - - 5^i»— 3«±a-0 
Again, let tf = 3, then - ei — 3—0 

tftftf-r-3tftf'+2tf:^o 
— 3<y<>+i)g*-6=ro 

fifom ffioldslyiiig thdo tofethtr, we hafc •• * 

IBfutdoQ of three Pimcnfioni, and wliich l^t ^aaa^-^aa'\^lia 6=0 

J Rootle «i». z.zand). - - .) 

Laftly, fuppofe tf = — 5, then - . jr4-csro 

aaaa — oaaa'^ 1x^^—641=0 
^Saa^ — 304^4?.+ SS^*^ 30:= .0 

Thefe feveral Multiplicadons nuift all be =: becaufe the 
cMultipIicand and Multiplier are each :=: 0. By 



Offolving Equations^ &c. 249 

By the fame Method that we found the two Roots in Qua- 
dratic Equations, we may find the Roots of thefe Equations, 
For fuppofe we had this Equation aaaa^^aaa — 19^^ + 49^ 
— 30ZZO given, which being refolved by the Method of C^?;?- 
verging Series^ we fliall find ^ zz i, whence i is one of the 
Roots of the given adfefted Equation ; now tranfpofe i to make 
it a — I zz o, take the given Equation and make it equal to 
nothings and dividing the given Equation by a — I, the Quo- 
tient muft be equal to nothings thus, 

« — iiro) aaaa — aaa — i<)aa'\-^ga — 30=0 (<7Jtf— l9J-j-30s=sO 
aaaa^-^aaa 

— jgaa-\r^ga — 30 
"—igaa-j-iqa 

30« — 30 

30^—30 



Here we find the Quotient to he aaa — 19^+30=10, and 
ibiving this Equation by the Method of Converging Series we 
fhall find ^ = 3, for another of the Roots of the given adfeAod 
£qqation» 

Then a — 33:a) aaa -^ 19^7 + 30—0 {a a -{-3^— torro 

aaa*^ 'laa 

3^^^ — 19^ + 30 
Xaa — qa 

— I o « 4- 30 

— 10^ + 30 



Hence we have got this Quadratic Equation <7^-}-3^"~^o*:iO, 

. whetKe tf tf + 3tjzz 10, the two R^ots of which are 2 and -^-5, 

the two remaining Roots of the given adfefted Equatior! ; in 

the fame Manner all the poffible Roots of any other Equation 

are determined. 

And to give the Learner an Inftance where fome of the Roots 
of an Equation are impoifible : 

Suppofe aaa — 4tf<? + 4/? — i6zi:o, by tranfpofing 16 and 
rcfolving the Equation, by the Method of Converging Series^ 
we (hall find azi4.: Then tranfpofing 4 to make it a — 4f=cf> 
and making the given' Equation equal to nothing, and divid- 
ing thus, 

K k <^ — 4 
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tf— 4z:o) aaa — 4tfa-j-4tf— i6z:oC<ij + 4z:o 
aaa — /^aa 

\a — 16 
4tf— 16 



Becaufe the Dividend and Divifor are both equal to nothings 
therefore the Quotient muft be equal to nothings but \i aa 
-|-4ZZ0, thentf^zz — 4 an Equation which has no real or 
poffihle Root in Nature, it being impoi&ble to generate or pro- 
duce a negative Square, for minus multiplied into minuSj as weU 
3splus multiphed into plusy makes the Produd affirmativi^ oi plus. 



Queftion 86* Three Merchants A, B, and C, found the 
Pounds A and B bad gained^ was equal to twice the Pounds C 
had gained : . 

But if the Pounds A gained was added to twice the Pounds B 
gained J and this Sum added to the Pounds C gained^ it made 
19 Pounds : 

And the Sum of the Squares of each PerfofCs Gain was equal 
to TJ Pounds. How much did each P erf on gain ? 

Let a = the Gain of A, ^ z= the Gain of B, ^ zz the Gain 
of C, mzz 19, p zz 77. 



\u. 













I — e 



4©- 2 



I 

2 

3 

4 



a '\' ezz 2y 

a -^ 2 e + y zz m 



By the 
H C Queftion. 



a a -{-ee-^-yyzzp 

a^zy-^e. Raife this Equation to 
the fecond Power, it being qa ^ 
the third Equation. 

aa = ^yy — ^ye + ee 



Now fiir ^, and a a in the fecond and third Equations write 
their refpcdllve Values, viz. 2y — Cy and 4^^— 4^r-|-//. 



2 
3 



4 
S 



3y + e = m 



Here the Queftion is reduced to two Equations and two un« 
known Quantities, for a is exterminated, therefore in the fixth 
Equation, find the Value of ^, or;f, and raife it to the tecood 
Power, for thofe Quantities are to the iccond Power in the 
feventh Equation* 

6-3 



8®- 2 
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8 I ^ =: m — ^y 

9 eezumm — bmy'\-qyy Multiply this 
Equation by 2, becaufe it is 2^^ in 
the feventh Equation. 

9 X 2 I 10 2fez:z2mm — iimy -{- iSyy 

• Now in the feventh Equation for / and 2ee write their Values 
at the eighth and tenth Steps. 



7 . 8 . 10 

1 1 contracted 

12 — 2 «i w 



13-^35 
14^ U 



II 



12 
13 



14 
IS 



Syy — 4>""4- i2yy-\-2mm — J2my 
-{- liy y=pf an Equation with 
only the unknown Quantity y. 
35 yy — 16 my +2/w/w =^ 
3Syy — 16 ffiy ^^p — 2 »i »;, here the 
Equation appears quadratic^ and it is 
likewife ambiguous^ for 2mm is 
greater than^. 

ibmy ^ — 2fw »i 

35 35 

lb my , 2^6 mm 2Ko mm 

yy-^ i +-2 = -2 

35 4900 490C^ 



+ 



p — 2mm 
35"" 



The Co-efficient of y is — ?', which being divided By 2» or 

35 

— by the Rule in common Arithmetic for Divifion of Vul- 
I 

gar Fradions, the Quotient is , the Square of which is 



256 mm 
4900 



70 



16 + 



IS uo 2 

16 m 



70 



^ytheSthStepI 18 
Byihe.4tb.Step {. 19 



16 



17 



16 m /2^bmm ^ p — irnrn 

70 -WOQ 35 

— i^J* 4. /2S^^^ \ P — 2mm i 
^ "" "^ - 4900 3i 

5=4.9999, or 3.6857 
But 4*9999 is the Number, the Anfwer 
being 5. then if/=»5 

^=:f» — 3y = 4 
a s= 2 ju— * sr 6 

K k. 2 Qi?eftJ' ^i 
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Queftion 87, A, B, and C, having been at the Gaming^Tahlty 
found the Pounds A lojl added to the Pounds C lo/i was equal to 
twice the Pounds Hlojl : 

But the Pounds A lojl added to the Pounds B loft^ and this 
added to twice the Pounds C lojij the Sum tuas 22 Pounds: 

And the ProduSf of what A and B hjly being added to three 
times the Product of what B and C lofty the Sum was 120 
Pounds. How much did each P erf on lofe ? 



Let a = the Sum A loft> e =r the Sum B loft, y = the Sum 

G loft, rf = 22i «=i:I2d. 



2.4 
3-4 



I 

2 

3 

4 
5 



a + y zz, 2 e 






the Qoeftion. 



a =^ 2 e — y 
3 ^+;'= ^ 



61 2^^ — ^j^-|"3^/=^ 



By the fifth and fixth Steps, the Queftion is reduced to two 
EqM^tions, and two unknown Quantities, and becaufe jr is only 
to the firft Power in both Equations, finjd the Value of j^ in each 
of them. 



5—3^ 
6 — 2 $ e 

8 — 2^ 



7.9 
10 X 2 ^ 

:ti + 6 ^^ 
iZ—n 



X2 — 2^^,. 14 



14-^4 

IS c a 



7 

8 



10 

II 
12 

13 



y = d— 3^ 

2 ey z=:n — 2 e i 
n — 2 e e 



d-2 



<• 



15 
16 



2 e 
n^^ 2 e e ^ 

2 e 

n — 2 e e =^ 2 d e — 6ee 
4.ee^n = 2de 
^ee'iZ2de'-^n » 
4. e e — 2^/^=— r« 
Here the Equation is quadratic and 
ambiguous. 

.2~ 4 

/<^fii+^=l^.^^ for the 
2 j6 16 4 * 

Co-refficient of ^ is — , which, being 

2 

divided by 2 as In the laft Qjtefttoo, 

the 



Of fohnng Equatiom^ &c. 



%53' 



l6 iw 2 

17 + - 
4 

Then by Step 7 th 



17 



the Quotient ia -^ the Square of < 

.- 4. 

which IS 



16 



mm^ 



d ya a ^ n 

■4 "" y6 4 



_ <sf 1 y^ d' n , 

18 ^ = 7±v/— ,— -=S.5±-S 
4 10 4 

(=?6, or5, if/;=6. 

_ _ . 19 |>' = rf— 3^:i=4 

And by Step 4th \ 20 \ a = 2 d — j'^ 8 

« 

But if ^zz 5, then by the feventh Step y-rzd — 3^ = 7, 
and by the fourth S tep ^ :== 2 ^ — y = 3. 



Queftion 88. There are iwo Numieri^- the Sim of their 
Squares being added to their Sum^ is 3 jS"-: - 

Jnd their Product is 156, ff^at are the Numbers ? 

Let a and e be the two Nximbers fought, ^ = 338, m'=:i^6. 



Then 


1 




2 


I -T- ^ 


3 


3 ©- 2 


4 


I-3-4 


5 

• 


$^ee 


6 


Hence 


•7 



m 

e 



p* I By the Quicffidh. 



.1, 






-J- ^ ^ 4"-^ 4"'^ rs i', this Equa- 
^ ^ ^i tioki has the unknown 

jQuf ritity e only. 

But as 1£^ = e k, the if being rejeaed 
^ (by Art. 20w 

mm'\^eeee'\'efn +^^^=si//. 



There being only the known Quantity mnL,. tranfpofe the 
others i% that n m may be at laft affirmative \ and this may be 

obferved^ 
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obfenred, that in tranfpofing the Quantities, in thefe adftHei 
Equations, the Side of the Equation which is known may at hft 
be affirmative. 



mni'^'emrrzb ei — icie^^e cb 
mm-zmhe e — eeee'-^a e — me 

it being the common Method to 
place thefe Equations, according to 
the higheft Power of the unknown 
Quantity. 
^^eae — /^^+338^^^-i56^=2433[6* 



7 — em 


8 


8 — eee 


9 


g^^em 
Or 


10 

II 



ti in Numbers 



12 



Now fuppofe ^ =: io« 



Then ^eeee = —ioooo 

m-mm g e ZSR —^ lOOO 



IIOOO 

4- 338 / ^ = 33800 

22800 
*^ 156/ = — 1560 

•^teee — eee-^-'^j^ee — 156^=11240 which being le6 than 
24336 the Number in the given Equation, therefore e muft be 
more than lo* 



Let rzz 10, and puty=: what it wants of being the true 
Root. 

r+y=/ 
rrrr+^rrry'\'(>rryy:=eeeey all 

the Powers ofy above yy being rejedied.. 
rrr -{•'^rr y'\'2^yy:z:eeey rejecting, 

all the Powers ofy above ;fy. 
rr ^ 2ry+yy^ze e 



Then 


I 


I ©-4 


2 


i©-3 


3 


X ®- 2 


4 



Becaufe in the given Equation it is 338 e e, therefore multiply 
the fourth Equation by 338. 

4^3pIsl338rr + 676ry + 338yy=:338/« 

Becaufe 
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Becaufe in the given Equation it is 156 ty therefore multiply 
the firft Equation by 156. 

I xTs6 j 6 I 156 r + is6yx= 156 r 

Now the fecond, third, fifth^ and fixth Equations being equal 
to the feveral Powers of e in the given Equation, add or fub-> 
ftra<5t them according to the Signs thofe Powers have in that 
£/]uation. 

— rrrr — ^rrry — 6r ryy — r r r^— 3 r ry 

—^ryy + S'iirr+6^6ry+2l!^yy 
— •I56r— 156^ = — eeee — eec 

+ 338^^—156^ 

—^/^/—i?^^+338^/— 156^=24336 
by the given Equation. 

— rrrr — /^rrry — 6 r ryy — r r r — 3 r ry 
— 3'";';^+338rr+676ry+338;^y 
— I56r— i56;f=:24336 

— loooo — 4000 j> — boo yy — 1000 
-, 300 j>—3o;^y + 33800 + 6760^ 
+ 338;'j'-^i56o— is6;'=24336 

21240 + 2304^ — 292^^=24336 

2304;^— 292)^^=3096 

Now divide by the Co-efficient oiyy. 

j.Sgy—yy^io.S 

And dividing by the Co-efficient of y 
minus y. 

7.89— y 

Operation 7.89) 10.60 {i.jzzy 
— I * 

6.89 



•2— 3+5— 6 


7 


But 


8 


7-8 


9 


9 in Numbers 


10 


10 contra3:ed 


II 


11 — 21240 


12 


12 -r- 292 


13 


13-7-7.89 — )^ 


H 



Divifor 6.89 

— 1.7 



Divifor 5.19 



3710 
3633 

77 



r := 10 by Suppofltion. 

r + y zz II. 7 which being involved and tried, it will be found 
too little i therefore for a fecond Operation, 

Suppofc r = 1 1.7 and yz=: what it wants of the true Root. 

Thca 



Then 

I 0-4 


I 

> 2 


I ©-3 


3 


I ©- 2 


4 
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rrrr + ^.rrry-^Srryysseeee, the 
Powers ofy above yy being reje^ed. 

r r r -f- 3 '^ ^^'^ 3 ^j'J' = ^ ^ ^, the 
Powers ofy zbove yy being rejected. 
rr'\'2ry'i'yy^=iee 

Becaufe in the given Equation it is 338 ^ /, therefore multiply 
the laft Equation by 338. 

4X 3p I 5 I 338rr + 676ry +338yy = 338ff 

Becaufe in the given Equation it is 156 ^^ therefore multiply 
the firft Equation by 156. 

I X 156 I 6 I 156 r + 156 y = 156 e 

Now add or fubftradl the Equations that are equal to ieefj 
eee, 338^^ and 156^; according to the Signs t^ofe Quantities 
have in the given adfe^ed Equation. 



— 2—3 + 5—^ 



But 



7.8 



8 







9 In Numbers 


10 


10 contrafted 


II 


II — 


12 


12 H- 


n 


13-^^.805— y 


14 



7 • — rrrr — 4rrry — 6rryy — rrr — 3rry 
— 3 ^J')' +338 ^r+676 ry4-338y y 
— 156 r — I56yr= — eeee — eei 
+ 338^^— 156^? 

— eeee — ^^^4"338^^ — i56^=H336j 
by the given Equation. 

— rrrr — 4rrry — 6 r ryy — -r r r— 3 r ry 
— 3^;'J' + 338 r r -f 676 r>+338yy 
— 156 r— 156^11:24336 

— i8738;872i— 64o6.452y— 82r.34j7 
— 1601.613— 410.67 > — 35.ijfy 
+ 46a68.82 + 7909.2^ + 338 yy 
— 1825.2 — i56y= 24336 

24io3.r349+936,o78y— 5i8.44yy 
= 24336 

936.078y — 5i8.44yy= 232.-8651 

Dividing by the Co-efficient of yy, 

i.8o5y— yy = .449i 

Now dividing by the Co-efficient ofy 
minus y, that is, by 1.805 — y. 

y^ .4491 



1.805— y 



Operation 



Offohing Equations^ &;c. 2^y 



i. 



Operation 1.8^65) 


•4491 (•297=.>« 


— : '2 

...... , . >■ . 


• 


Divifor 1.605 


3210 


- .— .29 


- . . ,. . , 


■ ' 


i28fio 


Divifor 1.31^ 


"835 


. -_i 


1 1 

I 


' S7P , i •• 


Divifor 1. 218 

• 
1 . 1 


'8526 



• ■ • ia'24 ■■ • ' • 

r=ii.7 by Suppbfition, 
-fj> 3= .297 - - 

• r'-f'J' ^^'QQ^^^r ^ich .w fbmetlfing too little, the true 
Value being 12. Bift ttifs "may inform the Learner of the Nature 
of folving thefe high idfe£lei Equations^ every Operation ap- 
proaching nearer and n»rer to the. true Root, from whence it 
may be found to any affi^nable Pegree^.of EpcaiStnefs. 

* ' 'dknd liaViiig fAtiid e to be I2) ^hda !by the third Step of the 

Work to the Oticftini, we have n = — = 1 3, the other Num- 
ber fought, . , . \- 



71. IlJh JMkSbod 1(j/i refohtng E^udfionsr when the unknown 
" S^cmUty iFtiJefferal P&wers in both Equations. 

■>••■'■ .V' ..• 

When both the unknov^n Quantities ^re to the firft and 

iecOi^i Power inijbokh- Equations, . find the Value of the 

Square of the unknown Quantity in each Equation, and make 

. cfaefe two Equations •eoUal to one another ; which Equation will 

'hisrethe firft Power o^ly of the unknown Quantity, it^ Square 

'.faeing exterminated by fbat* Equation. - ' 

. if Then find the Value of the firft Power of the unknown 

^i^antky in this Jaft Equation, which raife to the fecond Power, 

^ and in either of the two given Equations in w^ich it may be 

''ihbft conveniently done; for this unknown Quantity and iu 

feyeral Po|jver$, write their refpediivia y$due6^ which will give 

.;ip Equation with only one unknown-, Quantity^ and is to be 

reduced by the Rules already explained. 

L r Qucftion 
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I 
2 






1 — a a 

2 — a e 

3.4 

b -{^ a a 



8©- 2 



Queftion 89. To find two Numbers^ the Sum of ^bofe Squares 
is equal to the lejfer multiplied by 20: 

And the Square of the lejfer being added tj their Preduif^ the 
Sum is 1 6. 

Let tf= the greater Number, f = the lefler Number, 
mzzzoy dzzib 

Begin to exterminate $e according to 
the Diredipns, that is, find the Value 
of ^e in both the given Equations. 

e e z=z m e — a a 

e e z=: d — a e 

me — a a ^=i d ^^ a e^ here ie \s ex- 
terminated, now 'find the Value of ^ 

m e -^ a e "^ a d= d • 

me^-ae^z^^d^aa 
d 4- a a 

ttaife this Valuepf / ^fhe fecoad Fqgrtr. 
dd'^T.daa^aaaa 

mm-\-2ma-f-aa 



3 

4 
5 

6 
7 

I 

8 



Now in the firft Equation for ee and e^ write their refpei^ve 
Values at the eighth and ninth Seeps, 

, ^^^^dd^-tdaa-^aaaa 
I . 9 .-8 



10 



a a + 



m fk -^T^m a-^ a a 

m d -f- ma a -c* • • * 
' an Equation dear of e^ 

m + a 
having only the unknowh Quantity a. 

To clear this Equation of the FraAions, obferve that mm 

^ 2 ma -^ a a is the Square of m-^ay the former arifing 

from the Involution of the latter by the eighth and ninth 

Steps, and in the Multiplication of Fradlions, it being the 

lame thing to divide the Divifor, as to multiply the Dividend, 

I . I ddA^2da a -4- a aaa . , it 

to multiply ■ ' ' ■ ' fby m-l-a^wc only change 

mm -^2 ma -^ a a 
the Divifor to m -f ^> that being the Qi^otient ofmm'\^2ma 
-ftfii divided by m-^tf> the reft of tjie Muhiplicatioil is the 
iame as ufual. 

10 X 



XO X l» + tf 



Ofjbhing Equations^ Sec. i^g 

d d-\^2da a-^a a a a 






' . \ . .* 



It X m-^-a 



1 2 — m a d'd 



14 ^^ mfrt a a 

15— rfrft 16 
-'16 tft^Numbcrt 



II 



maa'\'aaiLr\' 



12' 



13 mmaa-\-m'oaa-\'aaaa^dd-ji-±.daa 
•^ a a aa =sm m d-^m m a a -^-mda 
i2f\maaa-\'adaa-^d^-{''ida a^^^aa aa 

C2mmd-]^mda- 
•15 thLaaa-^2^'daldd'\' dd + 2daa''-^ 
rndarm mm d ■ ^ 
2 4i a a a -{- m (I a a r^ 2 d aa ^m da 
■ esmmd — dd ! 



17 -f- 2' 



17 



1 8 



fiecaufe the Coi-ef£cient of a aa a will 
<] Wide the otl^cir Cl^-^fficteiits without 
any Remainder divided by it.. 

tftftftf-|-iOJjtf+i&/?tf — i6odc=5[672 



Which Equation being refolved by the Method of Converging^ 
Sirin^ we&all find>MerB6'; of nearly to it, * 6 being the true 
Root, from whence by the eighth Step- « rr 7r.. 



Queftlon<>o, There ar< two iJupiherSy if tbi grater is 
added t^ its Square^ and fr$m this Sum we fuijlraSt. the Sjuartr 
of the lejpr^ the Remainder /x 94 : 

Bat we Square of the lej^r^ heing added, to, the, UJfmr^ this Suna^ 
is equfil tq. twice toe greater.. 

Let tf = the greater Number, ^= the lefler Number, ;7i=: 94*. 



I .^ 



r. ^ 



^k 



« * 



1 -f-// 

'I — m 
. 4. 5 



^ f «» I • • # 



6 +# 

7~tf 



Ifiy the QueftiOfi. 



1 tf4"<*tf— ^/sKJir 

2 I ee -\'e ':112 a 

Begin with fiddSng the Value of et ii^ 
each Equattof^. 

S3 ^ tf ^ + ^ = J*? + / ^ 
±\ a a A' a — m zui e 

6 aa^^^a — »tss2tf— /^ here r^ is ex- 
' terminated, now find the Value of e. 

7 e '^aa-\*a'-^m^'=: 2a 

LI2 & + « 



. f 



26o. 
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4 t < 



8 + ^ 
9 — *-^ a 


9 

-TO" 


10©" 2 

• 


Y. .. 
, II 



Raife th isValui of ^ tb the fecond Power. 
e e;=^d a'\-'ia piArriiiti — %aaa — 7.maa 

Now for /^.and ^ in t)ic fecond Equat|on, jwrite their refpeo 
tivc Values, found it the tenth and etevfciith I Jti^pS, 

. , ■". i* V*. -- '.J .. . ■ I 

. 12 in Numbers 1^3., f.i88^i4-8836-f^i^1^'r^^^^^^+^'' 

,' 13 contra6ied. 14. iKja+Sq^Or^Oiia^jii^aa-^aaaazso 

'« -Tranfpofe.the jeveral Powers of 17, that 
il .8930 thAinowp Partof TfaqEqua- 

■;-m<?/rtf<7=i)87tf 1+89^0 — 2d'^tf — iSiaa 

f^aaaa-^'Si,aaa^i^ 'tf+8930 — 188^7^ 

—^<?tf^+^?i«4&«i+:48p€.«=i 87^7+8930 

— aaaa+ 2aaa+ 1 8 8^tf — 187 ^7=8930 

■...'•.•■' ■- •'1')Iv; .». J- \. .. . -.'r. T'u. I ,';.-. ! "I ,';>;:'. »." 

. Whicl^ Equation .being , refolyed >re flaAU ifind ^ sa?. ip^.or 

nearly tp it, 10 beieg_tbetrMeRo06» ;;::-' : • »:1 . '• 

Then by the tenth Step ezza -}-m — a a:z: 4.. 



. 14/^ a a a a.. 


.'IS, 


15 tI- 2 ^ a a-i 


[>!(>■ 


16+ i88i7tf. 


:i7 


17 — 187 a 


18 



/ ()rdce^dto fhe Solutlim.of leveral Qeoitietrk;^ 
fhfe* fertfe fenirai f^rmaj^lesi V^ »f ^^^^ .Lfcar"*^ » 



^We'fKall now 
Prtblcms opon fhfe* 

not fuiHciently acquainted, with the Ekment's.bf GecJrtifet.ry^ ,to 
cJifcovfeV hbw the Eqija'tibhs are formed from the Prdpi*Hi6s of 
the Figure, he may omit thefe Queftibns, ^nd proC6e3 to ihc' 
others which require no Knowledge in Geometry. 

Qucftioji 91. JftitkiJ^lij^u^ tnangle' At^Cy there is given 
iher)rffirence biHji^en ty. Sides AC. and f C z= 8, and the 
Sniffer enh betwcfn .thf^^ig^mts^ of tke B^fe AE and E B iz: 10, 
and the Perpendicular. C^ZZlb^ lfifal\fronkthe vertical jtngle 
C, vpon the Bafe A Brjtofind the SidtjsA (^, (Jj Bj. tflii i5<7/i A B. 



. Upon C as a Center,, with tht Rja^iji^Cp^ draw the Cir^ 
G13FD, and.c9ntinj^^ yiC to Gf. ft,» [ ' i ;. , 
^ Ijence ^ B cc C Q, ,^$; a KtadivA of t le fafie Circle, whence 
A D i^ the DifFerenqe £ii ihe S)des| qr the pifieroiice between 

-AC and CB.ziS.;,r-:vi' * . . -t-^ / ;'-■ 



^ J 



I 



And 



. Of folwng'/sE^atiom^ \(kc. 



^^4: 



And BE z: E F, as- F B is Kflbaed at £; by the 3 ..#„ jv 
hence A F is the Difierence of the ^Segogki^aj^iof the B)alJ^\^o&. 
the Difference between A E and £ B ±: lo. 



Wzz: 




AG 



''«/^ 



B 



■ • • •• I •; 

Let AD:2irft=?8j" ^<l©P=:'CB^rii^, tlen AC=^/+^. 
Let A F z: ^ zi I'c, aiid F-^E ?= E ft = ^ , hence A B = 4 

•Let-C'E =^=::.i|&». w.>'. .- ... 'l ; zi | ^ r, - ?i 
Having two unknown Quantities, a and e^, and ^o Eauatlon 




X- A-Dcr'A B X A E^ ^11 which .Lin?s !are expjefled in Sym- 

bprmcfiL : A G, , toit c g 5= e d =>; irjrf a: c =±V4^ /,' 

therefore A G = ^ -f" ^ ^> hence we have in Symbols. 

. LifjyBs b^r. the^'C^fiihttties, til^Ht8# 
that the y arefc oth^to be ^^tigiifMiin 
the Quantity. wE<ih\?e)Iows SeSign 
oiF Multiplica^ioii. J 

JButrthe Triamgl^ ^]^ B 14 right-angled^ 

f therefore by 1 ' i 

V Ffo&i the titA 3 dJ+ 2de=s\yh-\^2 h a 

* ""J^ow find the Value of either tf or /^ 
in^ tlie third Bqoatioli. i 
4.[z^0 = bb + };ibd—dj 

,;But a^.we (hall have Occafion to fquare this Eqtfation, for 
\yhen the Value of e is found, that Equation n^uft be raifcd to the 

... fecond 



3-^^ 



a62 ^'jiL G E S R A. 

IfcoUd- Power,' ttlieiDgrr in the idcond -Equation ; and lb 
•^iWl>eifig a known Quantity to avoid' Trouble, fubftttiite 

2dezz,x-\'2ba 

^^ X ^ 2 b a 



Then 
S'^2d 



6 ©- 2 



2.7 



8 X ^dd 



g'^4.dda a 



S 
6 



7 
8 



10 — ;if ;r I II 



2^ 
Raifc this to the fecond Power, bccaufc 
it is ^^ in the fecond Equation. 

"" A,dd 

X X -^±xb a -A- ±bba a ^-^^ 1 
— Zl? -X-l =:/>^ + tftf, 

4 « » (an Equation 

clear of/, 

xx'\'j^xba'{'^baa':z.\ddpp'\r^dda4 

^ [Bring dX\t\s^ P^^wers of tf, to one Side 

of the Equation. 

10 ^baa — ^da a+4,xba+xxz:z^ddfp 
J^ban — /^ddaa+^.xbMZZ^ddpp-'^x 



S n ,1 •» 



[ Hptt ^hc £qu4ticKMiiipears quadratic^ the unknown Qmo^ty 
being only to the firft' and (cQQnd Power, but as the Square of 
the unknown Quantity has Co-efficients, therefore by Article 58, 
divide the Equation by ^bb — 4^/i, the Co^^cients of a a. 









The Work being^now prepared for compUating the Square^ but 
fB^C^-iffieient eft a 6cjhg-a FraAion, to! fiive the Trouble of 
dividing it by 2, and fqiiaring the Quoitienj according to Art. 57. 

4 b b' — 4 a d 

.•; 4,H> — 4,dd 

' ^ •" 4 : ^bb — 4dd ^ 4 

'1 ' I y ^ jLddpp — xx , yj 
2 , '4^^ — ^dd 4 

x6 -=v^CZ42E^pTi^:-j: 



< > J 



' Then' 



i%cU 



14 uu 2 



14 



J5 



— iL 



.= i6-7 



./fbi'—-^dd 



. I 



4 » 
Theft 



OffoMr^ ^quationSt inc. 



263 



Then by Step 6th 
Hence 



»7 
18 

r 

19 



4? -4- 2 i tf I 






2i 

A c zirf -}t * =; 31* li 

CB zi> ±1,23.1:2 " ^ 
20 1 AB di + 2 tfp: 43:4 



Queftton92. /v tbi 'ohliqtu.Triangte AiBC, then is given 
the Sum of the Sides A C and BCn 8, anithe difference of the 
Segments .of the Bafe A E and B E :i: 2,' with the Perpendi-^ 
cuJar CEzz I, Jet fall from the vertical single at C upon 
the Bafe AB. Tofnd the Sides AC^ BC^ and Bafe AB? 



...•^" 




Upon C as-ft Center witR : 
the Radius GB, dravi^the 
Circle GBFp» and con-: 
tinuc A C to G. 
Then CG=p=CB;=CD, 
being all Radii of the 
iame Circle, whence AG 
is the Sum of the Sides, 
orACH-CB=8. 
. And FE=5EB, for FB 
.is biffedlcd at E, by the 
3 . e . 3, whence A F is 

the Difference of the Segments of the Ba(e, or the Difference 
between AE and BEi=:2. 

The Cohftirui£lion of this Figure being the fame as the la^» 
we can raife the fame two Equiations from the Figure, but in** 
ftead of AD being given, we have AG given. Let AGy'^'or 
^C + CB=x=i8, andDCzrCGn<7, whence D = 2 d', 
then AG~bGiz AD=:j — 2^. • 

Put AFzzdz=:2y and FEziEBn^ then AB=i+2^, 
let CE=^ = i. 

Now as in ithe laft Queftion, becaufe the Lines^A G and A B, 
are drawn from the Circumference within the Circle^ and touch 
at the Point A without the Circle, hence by-37 ./. 3 AG x AD 
-rr A B X A F, that is, 



in Symbols 
.That is 



I 
2 

3 



X X f -=- 2 tf r± d 4-2 e X d 
ss — 2 s azz d d^ 2d e 
pp-^e'ezzaa theTriingfc CEB be- 
ing right-angled^ and DCc=CB=:^. 

Hence 



j:^ A L G E B'R J. 

Here the Queftion is cxprcffed by two Equations, and two 
unknown Quantities. , 



r r 



5 — 7.d e 



Then 

7-T-2X 



8©-2 

3-9 
10 X 4x1 



11 — i^dde e 

12 -^ /^ X d e 



7 
8 



X X s== rfrf-TJ-j ^d f + 2 s a 
s s "^ dd z:z\2, d e + 2 s a 
2xtfzrxx — d d — 2 a f 
Subftitute as before x'ziss — dd^ for 
when the Vakie of ^ is found, it ta\i9i 
be raifed to the feoond Power, to com- 
pare it with aa in the third Equation. 
2xii=:;r — 2 d$ 

X'^2de 
a = 

2X 

Raife this Equation totbefecond Power) 
becaufe it is aa in the third Equation. 
XX — ^x de-^r ^ddee 



a a 



10 



II 



4x X 



i3"-4^^^/^l H 



12 
13 



4x7 

4-sspp+4,sseeirixx — ^.xde-^^Jdee 
Now bring all the Powers of < to one 

Side of the Equation. 
4xx^^ — /^ddee^j^ssppzzzxx-'^j^xit 
/^ssee — ^ddeig'^'^.xde-^A.ssfp^x:! 
/^ssee — ^ddee'\'^xde-~x:C'^^j^sspf 



Here the Equation appears quadratic^ but i^ not amy^guous^ 
fbr XX is greater than ^sspp. Dividing by (be Co*e£&cieot$ of 
>■/, by Art. 58. 



i4-r-4xx — /^dd 



^5 



^i + 



jLxde ^^ X x^^ A.'s s pp 



; The Work being prepared for compkating the Square^ fub- 
^., ^ JLX d X d 

' . ./, . ii,ssT^J^dd ss^dd 



XT UM 2 



Ofjbhing Equations^ Sec. 



ty tw 2 



2 



Then by Step 8 th 

Hence 
And 



i8 



19 



20 

21 
22 



y ^j''^x — 4.sspp 




2?5 



. + ^ = v/ 

2 



J.^ 

41 J — 4.iid 4 



4JJ — /^dd 4 2 

= 2.86 
.7 = ?LZZl£l = 3.03 =,B C. 



2X 



A C = J — 17 = 4.97 
BAzzrf+2/— 7.72 



Qucftion 93. In the right-angled Triangle ABC, there is 
given the Area of the Triangle equal to 24, and the Sum of the 
Hypothenufe A C and Perpendicular B C equal to ib^ T9 
find the Sides of the Triangle ? 



Let AG =)^, AB=/7, 
BC=^f, j=24, d-^iib. 

Here being three un- 
kn6wrt Quantities, there 
muft be raifed three E- 
quations from the Quc- 
ftfon, and the Properties 
of the Figure. 



Now as the Triangle A 
ABC is right-angled, 
therefore. 




By 47. f I 



— = X, from the Rule for finding the 
^ Area of the Triangle, for the 

Produ(Sl of the Bafe and Perpendicular of any Triangle being di- 
vided by 2, the Quotient is the Area of the Triangle, 

The firft Equation has all the three unknown Q(iantitfes» 
but the other two have only two of them. Now if we take 
that Quantity which is in all the three Equations, and find the 
Value of it in one of thtm, and in the Room of that unknown 
.Quantity in the other two, write its Value, the Queftion wjll ba 
then reduced to two Equations, and two unknown Quantitica^^ 
thus in the fecond Equation find the Value of e. 

M m 



^<5(S 



A L G E BR J^ 

2 — y 4 ezzd — y 

But as it 13 ^/ ^1 the firft Equation, 

therefore, 
eezzdd — 2 ^y + yy 
aa+dd—2dy+yr^y ^ Two £qyade» 
a a -^ ^y ^^ , ^ with only two on- 

V kflOwp.QnuHitiet. 



4®- 2 

3-4 



6— >j 

g + 2dy 
q^2d 

7x2 

12 — 2 J 
I3~tf 

10 .-14 

16 X 2 rf 
17 in Numbers 



5 
6 



8 



18 — 512 tf 19 



9 

10 

II 
12 

13 
14 

15 

16 

17 
18 



2 
Find the Value of jr, in each of tbefe 

Equations. 
ga-\-Ad — 2rfjrzro, for ^jr being taken 

away by the Su^ftra£tion, that Side 

of the Equation is noitbingm 
2 d y^: a a '\' d d 

a a -{"d d 

'~ 2d 
a d — a^ :zi 2 s ' 
a d zz 2 s + ay 
ayzzad'^2s 
ad — 2 s 

y — r— 

a 
aa'\'dd^^ad'^2f 

2d a 

a a a Ar d d a , ^ ^ 

2d 

a a a-]- dda ir 2^^^ — 4^x 
aaa^- 2^6 a zz 512 j — '53^ 
aa a — 256 azz — 1536 



19 -f- 256 a 


20 


20+1536 


21 


21 — tf tf fl 


22 



Here the Equation is ad/e^edy therefore tranfpofe thu Quan- 
tity fo that the Side of thie Equation which is known may have 
ihe affrmativi Sign. 

a a azz 256 a — 1536 
aaa-^- 1536 zz 256^ 
— aaa + 256 tf=: 1536 

Which Equation being refolved by the Method of Cmtverging 
Series, we (hall find asssS nearly, for 8 is the true Root; from 
whence the other Sides of the Triangle are eafily determined. 

Queftion 94. In the right-angled Triangle ABC, there fs 
drawn G E parallel to the Perpendicular B C, given tie Ter* 
pendkular B C = 24, and the Segment of tbi Hypothenufi 



Offohing Equationiy &cJ 

E C = 15, and the Segment of the Baft AGs 20, 
the Hypotbenufe A C and Bafe A B ?- 



Draw ED paraUel to A B. 

Let BC = i:i=:24, EC 
= iiizi5, AG=.*i:;2o, 
0'B=ED = i, then A B 
=ri+tf, AE^f, then AC 
r= w + e*. 

Here being two unknown 
Qi^antities^ we mull raife two 
Equations. 

Now the Triatiglw AG E 
aird E 'D C are fidajlar^ 
hend;^ 



T9 find 




by 4 • r . 6 

jn Symbols 

whence 



by 47 ^ . I • 



X 

2 
3 



4 



5^ 2 
' 4*^ 5 *'^ 

7 x^ 

8 Xe 

9 in Number; 



XI 

22 
13- 



that is 
> 225 e e 
IZQOOe 



5 
6 

7 

8 

9 

10 

IX 

12 
13 



AG:AE::ED:EC 

i : e : I a : n 

aezzhftj for Quantities that are in 

. continual Proportion, the Prbdud of 

• the Extreams and Means are equal. 

bb'^2ba^aa'^ccs=ittn'\-^ne'\'ee^ 
the Triangle ABC being right* 

. angled^ aiihd as thefe two laft Equa- 
tions contain the Queftioii^ therefore 

^ bn 
« = 

e . 

bb nn 

u a^z — ■• — -. 



•>■ 



e e 

2bhn 



bbnn 



, . I 2P<?» I Donn . ^ 1 -. ^ 



V til rh I 

i- +f c#=:» w^ 

^ ('■{^inee'^eee 
bbee-^-lbbne^bbnn + ^ceezznnee 

-{-zneee-i-.eee^ 
400 r ^ + 12000 e + 90000 + 576## 

zz 225^^+30^^/4"^'*^ 

976//+ 1 2000 r+ 90000 ac 225 ## 

4-30///+//// 

7 5 1 // -j- 1 2000 /+90000a30/rr4-*^* 

eeee+ y^ee^r-'] 5 1^<;= X 2Q00 /+9000Q 

eee^'\- ^^oeee^^j 5 1 f r— X 2000 /issgooo^ 

M m 2 Whictv 



'2*8 



ALGEBRA. 



\ Which Equation being jrefolvcd by the Method of Converging 
Series^ we fliall find ^^=25 nearly, for 25 is the true Root. 

Then by the fifth Step ^=12, whence ACiz«-+-tf=40, 
and AB=:* + fl=32, 

I 

Queftion 95. In the Triangle ABC, given the Bafe B C 
r= 42.5 i7«rf the Angle at B:=z 49® : 45 and the Angle at 
C = 42° : 30' io find the Perpendicular AD, let fall from the 
vertical Angle upon the Bafe BQ. 

The Triangle AX) 6 is right-angled, 
and the Angle A B D beii^ given, all 
the Angles of the Triangle A D B are 
known, therefore by plain Trigonome-^ 
try, we can find the Ratio between the 
Sides B P, and A D, though we do not 
C know the Length of either of tbem, for 
as the Sine of the Ang^e B A D, is to the 
IwOgarithm bf any Number aiTumed for the Side BD, fo is the 
Sine of the Angle at B to a fourth Number, which is the Lo- 
garithm of the proportional Number for the Side AD, 
* Therefore alTuming r/w/Vy, or i, for the Side BD, wchavc 




.As the Sine of the Angle at A 

Is to the Log. of the Side BD 
So is the Sine of the Angle at B 



- 40<> ; 15' 

I. - 

- 49^ = 45' 



1. 18 - 



- 9.810316 

- 0.0 
- 9.882657 

9.882657 
'9.8IO3I6 

- .072341 



To the Log. of the Side AD - 

Hence the Sides A D and BD are to one another, as i.iS 

16 to I. 

Now let B C zz A zi 42.5 A D = ^7, /» zz 1.18 and 

/ ss I. ConfeqHently, 



m 



\p\: a:t3 :=. B D, that is, as 
^ the Numbers which 
expre& the Proportion of A D and D B, are to one another, fo 
is the true Length of AD to the true Length of BD. 

By the fame Reafoning in the Triangle ADC, becaufe aU 
tlie Angles are known, therefore the Ratio of the Sides A D 
and DC are known, and aiTuming AD to be zr I, and pro- 
c(^cd^ng by Trigonometry as before, ^e fliall find the pcopor* 
t^al Number for CD to be i.x 

Now 



Of fohing Equations^ &c. 269 

Now putting ^/zz I.I and ^n I, as before, we have 

1 2 I ^ • ^.' • ^ = — = ^ C, by the fame 

P Reafoning as at the 
firft Step* 

And as we have now exprefled in Symbols the two F^arts of 
tbeBafe BD and DC. 



Hence 
3 X iw 

S-r-pp+.mb 



I Pf +f[f =i, that is, BDtf.DC=BC. 
^\ m p 



. \ m d o , 

p a *t" —"3 — z=i m o 

p 



4 

A a = -Jii^—- 2i.d2 = AD. 



p p'\'m d 




Queftion 96. In the rj^ht^, 
angled Triangle ABC, there is 
given the Sum of the Sides equal 
to 12, and the 4rea equal to 6. 
To find the Hypotheniife AC ? 

Let j=i2, ii=6, BC=iJ, 

AC=jr. 

Then by the Pr operty o f the A 
Triangle, A B =: ^yy -^aa. 

Hence i | a']-y'\'^yy — a a^s:s 

2 ~ \/yy — aa = b^ from the Rule for 
^ (finding the Area of the Triangle, 

Now becaufe there is the fame Surd in bpth Equations, find 
what the Surd is equal to in the fecoiid Equation, and write it 
for the Surd in the firft Equation. 

:L*fori = * andi 



7, 



1 



\/ yy — a a I 

a 1 X 

•^ -= — , by the Rule for Divi- 
7. a 

fion of Fra(Sions in conmiori Arith- 

mecic. 

I • 3 



VJO 



A L.G E B R A. 



I-3- 
4 X /z 



I — 
- 6 ©- 1 

7± 
5 — 

Q X 2 
8. 10 

\\ '\' lay 
12 — 7. s a 

13 +^^ 

13-^ 2 i 



4 
5 



7 
8 

9 
10 
II 
12 

13 

14 

^5 



^ + J + — ^^ 
a 

aa'\^y^'Xhr=.ia^ViO^ thcQueftion 
is contained ,in the fi>ft and fifth 
Equation. 

y/jy—aa — 5 — a—j 

yy — aavass^^2ia — isy ^lay^aa^yf 

2a azz2sa -^'isy-^^zay-^ss > 

aazzzsa'^-^ay^^db 

z a a ^=1 1 s a — 2 4 y *^ 4^ 
2sa—2ay — 4^=2 s tfrf"^ J^— 2 ay-^^sf 
2 sa — 4*=:2Xtf + 2^J^'^i^ 
-r4^::;iz2jj^ — xj 
2j;f = ij — \b 

5 5 4 ^ . . ^ 

% s '■ 




1 

C QueftibnVoy. * /« • /& 7r/- 
tf/i^/^ A B Pi there is ^fiven 
the Sum of the Sides B C + B A ' 
+ A C = 85, the .Jre'a 
= 200, and ths Angle at A ' 
z= 1 24^. To find the Sides sf 
the Triangle ? 

D Let s = 8^i b s= 200^ AG ^ 
m ^, bccaufQ the Angle BAC- 
r= 124% the Angle CA D = 56°, and CD* being a Perpen- 
dicular lee fall on B A continued, all the Angled ofithc Triangle 
A C D are known, confequently the Ratio between A C» apd 
CD is known, for aiTuming C D to be Unityy or i> then in 
the Triangle A C D by Trigonometry. 

As the Sine of the Apgle CAD - 56'=> : 00' - 9.918574 

Is to the Log. of the Side CD - i. - - c.oooooo 
So is Radius ... - go° ; 00' - 10.000000 

I0,0COC0O 

To the Log. of the Side A C - 1.21 - 0.081426 
Hence we know the Sides AC and CD are as 1.21 to 1. 

Calling 



Offohing Equations^ &c. 

Calling TJi^ezi^Q,! d:=ziy therefore. 



271 



da 



m : d : : a : — n C D, as at thefirft 



m 



or fecoo J Steps, Queftlon 95. ^ ^^ 

Now B A being confidcred as the Bafc of the Triangle B A C, 
and C D as its Perpendicular, hence by the Rule for finding the 
Area of the Triangle BAxDC=:2*, that is ia 

2 * z: ^ X B A. 
m 

da I m 



Symbols 


2 


da 
2-T- 

m 


3 


And 


4 


3 + 4 


1 

5 


5 ©- 2 ■ 


6 


J 9- 2 


i 

7 


6 + 7 


8 




. 



7,b m 



da 

of Vulgar'Fra£^ions. 



by the RlJq for Divifion 



A!Dziv/i7ii 



d tl a a 



m m 



for the Tri- 



angle A C D is right-angled, where 

tf= AC, and f^ziCD. 

m 

2 bm \ /. d d a a x% k % 

^^ ^ ^ (AD=:BD. 

Lhbniin , )Lb m j ' d d a a 

-— h — — \/aa — 

a a a a a a mm 

+ a a-^ i^LfJ = B D, or BD 



mm 



(fquared 
illf- zz CD, or CD fquared 



m m 



A, b b m^m ■ ^ b m / d d a a 
_-- -f- _ — ^ aa — i 

a a a a da mm 



— % 



+ ^^tf zz C B, or C B fquared. 



Having now got an Expreffion equal to the Square of C S^ 
we muft endeavour to find another Expreflioh for CJB from 
fome other Data. . 

Now the Sum of all the Sides Is given, that is. 



9lB 



2yi 



\*' 



II — 



But 
9 . 10 

lh m 



da 
12 — a 

13©" 2 



S • 14 



»S 



4,hbm 



m 



ddaa 



jG'^a a 



A LG E BRyf, 



9 

10 

II 
12 



15 



16 



17 



BC + AC+AB = / 

A C = «, and A B = li? by tijc 

da 

Rr_i- . **« third Step. 

x-i*f-.^ = BC 

da 

da da ddaa 

^% ' 

+ tf^nBC, orBCfquared 

4/^OT ^ , ±hma , A,bbmm 
f J— i- — — 2Jtf4-i -f-Z 

atf J^ ddaa 

, ±bbmm . aAwi / ^^ 

aaaa da mm 

-^ aa 

A.sbm ^ . ±bma , 

da da 

A.bm / ddaa 

= Z- — \/ aa'^ x jL^aa 

da 

A,sbm 
ss — J^ 2sa + 

da da 

4.bm ' 



mm 
/^b ma 



da 



\/ a a — 



ddaa 
m m 



Here the Learner may obferve that the unknown Quantity is 
under the radical Sign, and therefore as fuch Equations are 
generally fquared to take away the Surd, the fame is to be done 
here ; but as it is ^^7 in all the Quantities under the radical Sign, 
we can extradl the fquarc Root oi aa and join it to the rational 
Quantity, leaving the remaininfi: Part of the Surd u nder the 

^ J- f p. ^1 A.b tn / ddaa Jtbtn j d d 
radical Sign, thus -^ — \/aa — = -!: — a^i — — 

da mm da mm 

A hm ^ /f /I 

ssi-y-^i— — , whence the feventeenth Equation becomes 



d 



mm 



tS\ ss 



±.sbm ^ ^ _1_ £i_^_f.— 

4 a d a 

±i^ v/l— — , by which Mean. 

we have &ved the Trouble of fquar- 
ing (he (eventeenth Step. 
ida — \thm — idsaa-\-\bma=a 

, / 7?" 

^pma\/ I 

The Equation bang how cleared of its Frai^ions, it appears 
iuadraliey for the Powers of « are only to the firft and fecond 
rower, and the Surd is Part of one of the Co-efficients of i7. 



24itaa-^^nui\/i — — : — ^ima — tsda 
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21 


then 


22 


lie D 


23 


23 MZ 


2+ 


H+i 


25 



0«-|--- 



4J»«|/' t— — : — ^ima — tida 



Zdt 



~ 3.dt~ ~d' 

Put — *= • S2 ^ 

s= — 45. 



« = i ± yiJ-lIitheEqua. 

2 ^ a 

tion being amhigueut bjr the ^oth Step. 

Whence w« fliaU find a = 27.21 =: AC. 

And by the third Equation 2__2=e ly.ygssBA. 
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jiLOE BR A. 



This beidg'the mod difficult Solution .we htiveyet had, a Re- 
view or fumtnary Aa;ount of the Operation i may not be ufeleft 
to the Learner, in* giving him fonle Idear hoW to begin and form 
a Judgment m fuch Cafes.' 

Now becaufe the Angler of the Triaiigle ^ C D are known^ 
we have the Math of the Sides given, Whenck aiTuming C D as 
known, I find a proportional Number fdr AC^ apclfrom thence 
I can exprefs CD ilT Symbols, and CD being confidered as the 
Perpendicular to the Triangle BAQ, of whith the Bafe is BAy 
thqn from the Rule for finding the Areaiof the Triangle, I ob- 
tain an Sxpreflicn for B A ; then I exprels A D in Symbols, 
from knowing AC and CD, aird add It to B A, that no^ I 
Kave Expreflions for BD and DC, 6ach of whkh being fqoared^ 
their Sum is eqiial to the S<)u^re of BC 

Then from feme other Data I find 'an Expre£on for BC, 

and Eecaufe tlie Sum of the Srides is givcuiy and haviiig Expref- 

fions for the two Sides BA and aO, therefore it iseafyto 

find an Exprefiion for BC as at ,the thirieentft Step, which being 
>. _ -, . J 1 .. .^'_.*r. Square of B C, which 



takeh from Sir Isaac 



£:}uared, is made equal to the' former 
Equation is reduced as in the Woflc. 

This arid fev^ral other Queftions are 
N E w T oii, the perpetual and everlafting Honour, Ornament, 
and Glory of our Nation -, and i have only endeavoured to ac* 
commodate his Solutions to the Learnei", in explaining them in 
a more copious Mannei, - --' , 

Queftion 98. In the TriOngk ABC, ihire is gwen the Altitude 
C D = 7, and the Bafe A B =rio^ and the Sum of the Sides 
B C + A C = 23. 7q find the Sides of the triangle t 



•> •>• 



^r Becaufe the three Sides of 
the 7>ianglc B A C will be 
cafily exprefled in Symbols, 
and the Triangle BCD be- 
ing right-angled, we (hall eafi- 
\y find to what B D is equal. 
Again as the Triangle ACD 
T> ^ fight-angled, and the Sides 
A_C and CD are known in 
Symbols, therefore AJ) is known in Symbols. 

Now if from BD before fbuod in SynAols, we fubftraA BA, 
there remains another Value for A D> which being made equal 
to thcformef wcTraveaii Equation, whi€b is fufficielut, if wt 




ufe but one unknown Ouantity. 



Aoi 



Offotnng. Bpiatim, ice. 
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And as here wiU be a new Method of cxpreffing the Quan- 
titits fought, I refer the Reader to Q^ieftion 41, where he 
wiil find that in any two Numbers, or Qiiatititics, ilie leflw 
Number is equal to their Difference, fubftraifted from their Sum, 
and ^viding the Remainder by s ; and at the fame Queftioa 
if he exterminates e and finds a, or the greater Number, it 
Sirill be equal to the Sum and Difference .of die two Numbers 
added together and divided by 2. 

Therefore put * = CD = 7, i — BA = lo, c =■ half the 
Sum of the Sides B C + A C = 1 1.5 and a = half their Dif- 
ference, then the greater Side 01 BC =z (-{- ", and the leBet 
- ■ ~ in theTrianitleBCD 



by 47 < . I 
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by 47 « . J 
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but 
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1—3 
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^■4 


S 


J ®;.» 
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wchive 

.4^ 


7 
8 
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10— Hit 
11 — ^b baa 


10 
II 
12 


-~-lf>tc~-^ii 


'3 


13 -I 


•4 



^/.c^-h2ffl+fl<lr-:r* = BD, for 

BO-=c*-4.ff, andCDTi:* 
And in the Triane:te A C D, 
^ce — '3:ca-\-aa — ;f*=AD, for 

AC = c— a, and CTir=ix 

B A — b. . - _ 

^cc + 2ca^^a — xx: — l = UD 

— 6a=a D 

cc — 2Ci3+a/i — xx:^cc '\-2ca-i-aa — xx 

—7.bs/i:c-\-2ca-\-aa^xx : -fW 
By tranfpofing the Quantities which 

dcflroy one another 
— 4Cff := — ibt^/cc +2ca -\-aa~xx ; +^i 
26tycr-\-2Ca-i-r7a — xx—bB+^-Ca 
i,bbcc+Ubca-ir\bbaa—^bbxx—bbbh 

-\-%bbca-^ltccaa 
sJibi:c-\-^bbaa — ^bxx=blibb ]-i(yceaa 
i6c^-iia::znbbcc+4.biaa—^bxx — bbib 
1 6ccaa — ^bbaa^^^b'jcc — ^bbxx—bbbb 
^bbcc~bbbb—4.bbxx_bb 



hh 


i6t 


c—\li> 


4 


. ^cc- 


-44 








4" 


bh X X 
ct-bb 


= 






XX 


3.C9- 
Who» 


4' 


c — bb 
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Whence f+«=:X5.i9=BC, and c— ff'==7;8i'i=AC.' 

If the Learner (bould be perplexed t6 feetbe CMtraftsdnsat 
the thirteenth and fourteenth Step% they may be iUttftfatod thvt 
£^hb<Ci,'^bbbh — J^bbxx _ J^bbcc-^bbbb ^- ..4'^>ir;r ' * 

ibct-^ j^bb '^ ibcc — ^bb ibcc^^j^bt 

for it 18 the fame thing whether the Quantities that compose the 
Numerator, are plac«l fuccefiSvely one after another likeond 
continued Fradion, or placed feparately and diftin^Iy, Uke dif- 
ferent Fradtions, the Quantities that compofe the Denominator 
being phiced under each diftindt Numerator. 

But i6cc—J^bb) ^bbcc^bbh (it 

^ 4 

4bbc e-^ bbbb. 



The Quotient Quantity is bbf and as the Co-efficients of tbi 
Divifor aris' refpedlively four T^mes more than. thofS of the Di- 
vidends therefore under the.Qypttent <!^an(ity b b place 4, and 

t^ is the Quotient exaft. 
4 

And this Fraftion ^^^"^"^ ■ -^JlHL^' (or it is on- 
r 16 cc — ^bb *^cc^ — bb 

ly dividing the Co-efficients by 4, therefox)e the Contnu5lions 

arc as at the thirteenth Step. 

The Contractions at the fourteenth Step, arife from its being 

hb in all the Terms under the radical Sign, for it is only placing 

b the fquare Root of bb without the radical Sign, by which 

yb b yl b b • J J 1 

means v^—, or 4/—^^ w *\/— . 
4 4 4 



Qucftion 99. In the Triangle B C A, tbere Is given the Bafe 
ABir6, and the Sum of the Sides AC + BC = i8, ^nd the 
vertical Angle at C=30*» : 00'. 7ofind the Sides A C and B C. 

Let fall the Perpendicular A D, and in the Triangle A C D, 
becaufe the Angle at C is given, therefore all the Angles of that 
Triangle are known, and therefore the Ratio of the Sides it 
known, by which means we can get an Expreffion for C D. 

And 



OfJoMng Equdiiom, Bed 






Aod becauie* A-D is a Perpendicular that falls within th e 
Triangle, and tKr Angle at C is aciitje, therefore by 13/2, 
3 C. fquared> added ta AC fquared,' h ^iial to B A fautarej added 
to the Produ^ of zBC X C D, from whence we fhall have ano- 
ther Expreffionibr CD, then if We can exprefs the Sides of the 
Triangle with oneHohknown Quantity^ this £quati<m between 
die two Valuer qf C D will be fiiffidfint* 



<« o 



f ' 



/• . 



1* -k 




O 



/ . ■ • 1 ". » • 



• » • ■ 



' Now in the Triangle ACD, becaufe the Angle at CJs known, 
and AD being a Perpendicular to C B, all the Angles of the 
Triangle ACD are known, therefore aiTuming CD =x, liy 
Trigonometry, 

As the Sine of the Angle CAD - 600 : 00' - 9.937531 

Is to the Log. of the Side CD - i. * f^ oaxx>opo. 
So is the Sine of the Angle CDA - 90:00- - ic.oo oooo 

xo.oooooo 
9-93753^ 



To the Log. of the Side AC •" '-'S * ^ 0.062469 

Hence we know that as 1,15 is to i, fo b A C to C D. 

Then let A B = 6 = ;r, half the Sum of the Sidei 
A C + BC=9=i, and half their Difference sstf, then as in , 
the laft Queftion, the greater Side or BC=:&-f-/7, and the 
leflerSideor AC=3 — iz, ^=1.15 «=i. 

3ecaufe A C is to CD, as 1. 13 is to !• 

Therefore 




:HLGMB R 4. ^ 



Tjiesefere 



.y ? . - ..J 



I « « « 



3-r-a* + 2« 



I 

2 



=co 



I • ■ • M- I ' • • • 

■'■"■•■■■ •■•.•»•■*• 

The i^ort Line over the two Quantities % h'\'t a in thi 
ftcond and tlnr^ Equations, fignifies they are both to be multi-* 
plied into C D,^ otherwife there would be no Diftin&ion wbe- 
ther CD is to'{)e multiplied into 2 a only, or all the Quantities 
on that Side of the £qu>tjpn« 

Now make an £quatiott>^tween the two Values of C D 
found at the firft apd fourth E^ations. 



I • 4 

f>Xd 
7 + 2 « tf tf 

8 + d X X 

^~ 2d b b 

fort^va ^2d 

XI tuj 2 



5 

7 < 

9 
10 

II 
12 



2** + 2tfVr--yAf nb^na 



2 b + 2a"- d 

_. d 



^b'\'taa'^xxz=! 



2dbb+2daa — dxx=2jtpb — 2naa 
2naa + 2dbb+2daa — dxx:z,2nhb 
2naa'^'2dbb+2daazz2nbb+dxx 
2ftad+2daassi2iiii'^dxx — idbb 

^' 2nbb^dxx.'**'2dhh 

a a i^ ^ , . , , , 

2n ^ 7. a 



rTnbb-^dxx 



TSTb 



= 1.99 



2-n'\t 2 d 
. Wheoce BCsr^+tf =10.99 ®"<* AC=^— ^^^=7.01 

■. r - 

<^^fti6n 100. /« the Fijh Pond A BCD, there is given the 
Side AD=3o, DC = 35, CB = 4.0y. and AB= 2^^ ^^ 
Jftgle ai A=i 13% tie Angh at Br=:6o^, the Angle at €=100% 
and the Angle at D^Sj"*, and the FiJh Pond is to be fur rounded 
Vfith^Hff)Arfa cfyoOy andeviry where ofibefafHe Breadth. To 
•find tkf fir^dtb of the fTali ? 

, Suppofing tl?c W^ to ,be drawn round thp Pond as ]xi the 
Figure, let fall the Perpendiculars AK, BJL, 5M, CN, CO, 
D P, D Q^ and A I, by which the Walk is divided into 
four Parallellograms AKLB, BMNC, COPD, DQJA, 

and 



Of^filving Equathmy &ccl t^fg 

and into fouf Tfapttia A I fe^lC,- BL" FM, C HQ O and 

?P H Qj and the Area of t4iefe fokt ParalfeUo^ftii andibux 
rapezia is e(]4ial to^ the given. Area of tht Walk* 






M 



N 




O 



D 






(X, H 



Let the Breadth of the Walk bq ^ , and the Sum of the Sides 
AD + DC-f CB + BA=i43r:*, then the Area of thcf 
four Parallellogram^ will be iz * a. Let x =: 700. 

Draw A £, BP, C G and D H, ftecaufe the Triangles 
A I £ and A K E are equal, therefore the Angle A £ K and 
A£I are equal, and eacli of thefe Ailgies are equal to half the 
Angle at A which is 113®, hence the Angle AEI is 56®: 30'. 

Then in the Triangle AEI all the Angles are known, and 
confequently from plain Trigonqmetry, we can find the Ratio 
of the Sides £ I and I A, for afluming £ I to be Unity^ or t^ 
we have 



As ihe Sine of th? Angle £AI 

Is to the Log. of the Side £ I • 
SO^ is the Sine of the Angle AEf 



i.o - 

S6^ : 30' 



To tb« Log. of tl* SiJe AI ^ - i.^t - * 



9.741889 

o.ocoooo 
9.921 107 

9.921107 

9.741889 

0«J7Q2I*8 

Hence 



2Sq 



ALG E B RJ, 



Hence we know that AI is to £1 as 1*51 is to f • 

Then let rf= 1.5^ smd /=!• ' ^ 

Hence i: ^ r.a.i^ = £ J^ which beins the Ba(e of tba 

a 

Triangle EI A* 



Hence 



1x2 



If X 1 = ilf = the Area of the 
^ a 2i (Triangle £IA, and 

—- -- = the Area of the Trapezium 
^ (EIAK. 



Now in the Trapezium BLFM, becaufe the Angle B is 60^^ 
we have the Angle LFBrzjo^^ for the lame Reafons as before $ 
whence in the Triangle IS F B, if we aflume BL to be Vnitj^ 
or I, we fhall find the proportional Number for FL to be 
J.73 hence as i is to 1.73 fo is BL to LF, let /= 1.73 

i 

f/x 1 = lf/=: the Area of the 
^ ^ 2 ^ (Triangle BLF. 

— L = the Area of the Trapezium 
^ (BLFM, 

Again in the Trapezium C N G O, becaufe the Angle at C 
is 100**, the Angle CGN is 50% for the fame Reafon as before; 
and afTuming I7;i//y for NG, we fhall find 1.19 to be the pro- 
portional Number for NC, whence we know that CN and 
NO are as 1.19 is to i» Xttgzz 1.19 



Then 
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a 
4X- 


5 


5x2 
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1 



Then 



Hence 



8 X 2 



ea 



8 



g\ € \ \ a\ — = N Gy which being 

the Bafe of the Triangle C N G, 

lfxl = i^= the Area of the 
^ a ^g (Tjiangle C N G. 

f-f-f =: the Area of the Trapezium 
g (CNGO. 



Laftly, in the Trapezium D P H Q, becaufe the Angle D 
is 87% the Angle D H P is 43'' : 30', for the &m( Reafon as 

before 1 




TJjtti 



Of fohing EqudttmSf &c." ■a'^ 

before; and affuoiing Unity for D P we flull find 1.07 
be the proportional Number for P H, hence We know t" 
^ J tt(o^.P7 lb is DP to PH, let j— 1.07 

I : : ff : 1/ = P H, then as before! 



^ X 5 = l£i the Area of the Tri- 
' ^ ^^ (angle DPH, hence 
^-^ = the Area of the Traperiuin 
' (DPHQ. 

But it was before found that 
ia— tHe Am of the four Parallello- 
■ * (grams. 




Now colled the Area of the Trapezia and ftraBellograpw j 
into oncSum, and make them equal to the givfji Area of thr 
•Wfalt 

==t*rr:700 ; 

t^ . ^ , . S ' 
efficients of n 17 = 4- J02 

P 4PP AP P P 

^ P AP P P 

J b b , X 

+;? P 2? 

ihe Breadth of the Walk. 
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Becaufc the Angles and Sides of the Fifli Pond are given, the 
Figure may be drawn ; but for the cafe of the Numerical Cal- 
culation I have chofe fuch Numbers, as will not exaflly agree 
^ith a Geometiicil Figure. 

Queftion loi. In tbt right-angled Trianglt ABCy givm ti 
PcrimtUr or Sum of tht SiV« AC-f CB-fAB=24.v andihe 
"■ O o J'irptndicaler 










Let CD=*=4.7S AB+fiC 

+CA=aJ=24, AB=tf9 then the 

■4 • ^im df tWof oJikTSidcs, or AC 

i^^x -f7,C3;;=i^— !^> and as at Quc- 

•^^^rf: : ::;ftieit 98- letT>i=FJthfc Difference of 

"^ "^ th^ fame t!wo ^icbs A C and C 6. 

^^^And beoaijfe the greater Number or 

., , Eeg Is^ equal: toj ^c^Siitn and Dif- 

-c;i.l!:.ii;q'iLd Li/'to i::.iA A'SI^'^^^^Y ^^^^'^^ 
ibestfpjre A C the greater Leg = fL. 




L^Jand BC the kffer 



Having Expreffions for AB, BC, and AC, the three 'Snte 

titled az^^ wcKiiinuft rai^e^two ISquatMs fiforftlie^Rdpcrtte 
of the Figure, and bos^il^cztke^riaiiglesiABC, BCD are 
fimilar,, therqfore by '\ •. 
•y*; 3.1^ t — ■ r - - "V ~ + t- — ^. ? M oJti:: . : : 



In Symbols 



whence 



T, 
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"^tteitis 
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:AfelP : t A a : C D 



_ I. i . 2 ! I 2 












c^+l7 4f.-^-. if "S 






J 



^And-lbecaufe ^the Tri;i;(Y^ AC B is 

^ rifeht-angl4i,^ ' j 
4?A^2 X tf -Ha A?yj4^ ay-i^aa-i-yi 



» 1 • 






A-tf 



j^2Ay|^2gy+ 



^^+^:r^. 



Hence the two Equations which ooimiifl th^CJ^eftion are the 







W^ 



s: 



rl'* 






4 ?< 4 '^^" 4 tf J == oe xV^ zix a + a a-^yy 



V* __ 1 



2 X X 






Now a being tound, therefore 



Qjreftlon 1)0^4 ^'^he^rigbt^anikii tT 'a»vfc JV B C, ; /Wa /A^ 
S^ptftienufe A^sjssrOi^ dnd^ibiSnmHi} ^tbi 9idds Md Perpendi^ 
cular CD, /)^^7/ w A*e-+JeB+Ct =18.75. T^(f find the 




Leg i?.JJ«^jp;:4,,ji^,j^ tefice J<Bg, br dB = 2__1— i. 

Having expr^ifeJ-til jS<fe^orttW\1r«ikifir hi Symbob, in 

which^hclre.axe-tMhuiiikiiofurQiiKWtitip^ raife 

two Bquat jop s from tb^ Properties of tfie Vigure, and becaufe 
ABC iif.»:ri£ht.snj^jl^iamgl(!^ ^P:^^^ } i ^ a. 




% 



.. X 



O'o a 



The 



PC 



r^ y^^GJE BR J.-. 

TbcL.t«p Tri*n^« ABe*i(J CBU bei^g fimilar, theie&ie 
AB:AC: -.CBiCDl Axt a in Symbd^ 

j ■ iinf _±i - ■ tiizi" - a 









4nf — t-.- — . 



I contrafM. 



j^ooauiRet 



Hence the Qjjeftioh is cnlitaiitcd ii 
fifft and Ibnrlh Equations. 



if— %x\a-irm,a- — i. 
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^ylhe ioth Step 
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Now in both tReie t^ations find llie Value of yy^ there. 
iiig no other Power ofy. 



yy^ 2 ti> — 'aa-\- 2x a — xx 
/.ba^xx — Zxa-^-aa—yy 
y yi=)t X — Z*«4-a« — +^« 
xx—zxa-^aa—^ba = 2ii>^~-ea 

•+■ 2 xa — XX 
XX — ^xa+iaa — 4.l>a=2tt-i-2xa 

— XX 

— 2xa-^2aa — ^Ba=^2bh-i-2xa — %xx 
2a a — 4*a— ^5tf = 2i* — 3.x* 
a a — 2xa^—%haT^bb — «x 
Becaitfe XX is greater than b h, cbeic- 
. lore the Equation is ambigueus. 
— 2= — 2ar— 2^ = — 57-5 
a a — za^^bk — xx 



aa—za + 1± =H--xx+ 



«« 



il'^?t='y/H — xx+. 



i±^tk-t:x+^^^.yS 
4 (o r 52.72 



=^*> — Zxa + aa-^^ia= 



then AC=i:zf±?-=P2i98 andl 0$ fijfr^r2=6. 



u 



r • • •/^ 



In the above Equatkw 'wliciie ^ i: 4178^ cjr.§2:.^2 the Value 
of iz inuft be 4.78 for it cafemol be" 52^^^^ M^ the Sum of the 
three Qj^tities is only )k%kfs r I CJ " 



I V 



r \' 



Queftioni03. /« rtrrijAf-^^irf^^/^j^A-ABC, there h 
gheM the Sum of theSidis' A C-f- B C ^^ i^and the Perpendi^ 
cukt CD SB 4.75. To '^mA the ^es\ oft ipc Jjrmgle ? See 
Figure, Queftion loi. , • 

Let ^=i4=AC-fBC, j^=AC— BC^ or the Difference 
of the Sides, then as in the preceding Quddions, the greater 

Sideor AC^fl±i;, aha the Jcfler SiaJj ^-"Ut'^^LH. 
Vut ASzid and D€=*=:4.^S ' - 'I' - {** ^\^ ^ 

Having exprejjed all tb4 ]Side« .pCjtte<l>iangk in Sj(mieii| 
amongft which two are unknown, viz. a and y^ we muft raife 
V^ Eq'uatiojns from the Figulie, tbenMbMufBuaie Tiiangfe iS^ 
k^r^t^ingjcd,. theisfc 



I ( V-' 
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by 47 / I . 
that is 



iyy 4v« 6 

in Symbols 
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#f ^ -^yy^^ 



S=:ff,a 






^ I 



; - Becaufe the Triangles ABC and CBD 
are fimilslr, 

AB: AC::€iB:CI> ~ : : 



.^+y . .^--y . 



a : 

, 9CX — yy 



:h 



■li 



■ * i I 

Hcnbe the QuefHm h conttiiiied in the fecbnd and fifth Eqaa* 
d<Ais^ and becaufe iiittt are no olbet PiWe^ f>fy but yy in either 
of thofe two £qaatio^,lEhd tlie Value dfyyin both Equations. 



2x2 
6 — y iif 
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5x4.1 8 



y yzz % a a^^i x 

^barsxx^^yy 
yy + /^baz=zxx 
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.,'-7 .- 'Jl-i:;^^ 

..I.J I.! Jit '■T* 2" • 13 

i3fG 14 
I4u»2 15 



I > • I*. » 



^1 I • « 



7ui^3^ixy 



2 41 « +f4^ tf ^ 2 4f 4f 
4 tf --f*. X i tf tS * *• 

: J. neglc fling.thc Fraft ionA Baap ta 



»^ry ^ 



±2 = 5, and BC.= 5n?=6, 

•..«■ . ' \ • ■ t ■ ■ o •••■:■ 



.<:.,. J 1 



Then AC 

tet AC + BC = *=sJ4» A:Q=&!;.thw Bfe=r*.-r*, 
CD =: 4 = 4.7 5 ""^ beca ufe the Triangle A BC is right- 

alkgjBBdy ihcreibve Afirrv^^jr — 2jri/-f-2^'* 

\ <;^rf we bave Exfveffidns for aU ^i Sidei of tte Triaifgfe; 
with only one unknown Qiiantity, and ; therefore one Eqiijuion 
will be fulEcient. . . . And .as the .Ti;ia^gles ABC and C B D are 
fioiilai^^ theriefore'- -r - j i . 

by 4^-6 I i; I A B: AC:-CB-CD 
in Symbols | 2 \/ x x -^^x tf*-f- ta a\a\: x — a\h 

''^\/xx — '%xti -^^aa^ixa — a a 



Gn'.>l 



• 2 



• n^.l 



r 



Square botbSide^id^ the. Equatibn, the ijnknown Quantity 
being under the fadkdl Sign. . ' . ' 



3(&-2 



• • I 






■ r. I, .. . 
« .«• 1 « • « * 



■ I > > ■• ■ I* • 



.b Ix X — ibhx a '^'T.hba azzixxaa 

—-2 xaa A -^aaaa '. 

Ranging the Equation according to the 
- I . Powers of t;he unknown Quantity. . 

^<?<f^— .2 Jfj^a-f"** ^ ^ — T-bbaa 
/. 4-2bbxa^bbxx 



!• Y 



Tho* the Equation liere appears as ifpt^e^ed, yet it may be 
rcfolved by compleaiiHg'tbe Square as in Quadrat ics. 

And to give the Ltorner a clear Idea hoW this Is done, if be 
fquares any three Quantities iw— ^* — ^%, in the Square be 
will find fix TerniB,' mfn^ftn-^%X'^:2mn^^Vimz^2nz^ 

tbico 



»-.* I* 



(hree being^ pure Powers of ,rhe Quantities fquared, ikvA the 
other three, will be double 'Re&angleSr or Prpdodls oC 
Quantities, .and therefore any,I^xpreffiQnjth^ec){^ und«r.ibe(e 
Circumftances, may have its fquare Root extra^ed.. 

NoV aaaa is the S^af^^ - ;_-.*. - ca ' - 
And' xdtaa is the. Square biF - 1 ' ' - xd /, 

Ao4 %^tS0t»M the doublellefbngle, orPffMhi6)rof .thefe Rootti 

Ani tbi^a <^ Js the double Riedangle, or Kt>du£bbf iix df^^ - 

. i^i4 %hh^ii is thedoiifaleileftangle^'ocProdiid^of fr3x;r#/i 

From hence it appears that the above Equation of five Quan- 
tities has two of them, aaaazwA xxaa^ livhofeiquare' Roots 
mzy be ntken, and that the other three Quantities are double 
Redan^ of.^tife two Roots, a a and xa^ anda-tbird Quan- 
tity' bby therefore multiply <hi$ Quantity bi hy itfelf, and add 
the Produdti^^^ to bbth Si^es of the Equation, which makes 
it a compleat Square, thus, . 

aaaa'-r'%xaaa-\-fcxa^-r^%bbaa'\- 2bbxa 
+ ibbbzzbbbb-{'bbxx ; 



.. f» > 



' J -^ b b 

3 c a 



lO.-f *' 

.... .,' ^ ^ — ^ 



X I 



8 
9\ 

10 

XI 



a a — xa — bb^y/bbbb'^bbxx 
ynzb^ bb'\^xx 

4,41"*^ 9ea^ssbb'\'by/bb'\'Xf( i 



^-w 



/xx 



-::zs/J:+bb + bs/bb+xx' 
2 /^ 



XX 



a=Z.+^Zl+bb+bybb + xx 
a 4 

==» 18.9 zr A C, a different Value 

of ^hat it had before, for then ic 

. was only 8, 



I • 



To explain this to the Leatrricr, if he «tra£ls the fquare RpOfr 
(sf aa-^^^xv^-^x^j he' Will firtd it to be tf — a*, or Jtr-^i; 
the dduMeRcaangle, viz. lab having the Sign — we itd fari^ 
cither a, on a; muft be m^galivey but in this Cafe wea^rp tp j^e- 
tcrmirie'whlch is to he nega/ivthy the Confeque^ces that foJlogj^ 
for if there follows an liftlpoflibility in RippofiAg tf — jr ftr be the 
Root,,.theAthe,Rootmuabe^— tf. . : m. 

Tq apply .tbi5 to the Square bpfbrq iis at the fixtb Step, wsf^ 
aaaa'^2x'aaa+xxaa^^zhbaaAr%bbxa'\'lbbb, ^i'i 
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Now the iquare Root of aaaa is - - tf tf 

And the fquare Root of xxaa is - ' - x a 

And the (cptiLve Root of Uti is - - H 

I 

But as 2xaaa the double Rectangle, or Produd of ^flUxd 
has the Sign -*, therefore it muft be in the fquare Root either 
aa-^xay or xa-^aa^ but as an impoffibilitjr attends putting 
it £a — xay vtthow put it xa-^ai^ and to detmnine what 
Sign bh muft hatreia the Root, now the double Produd %bbua 
having tte Sign -^^ therefore k muft be -f"^^ or >^9 as 
2^^x — aa produces — ibbaa^ then talung the 

fixtbEouatiop 7 aaaa^^zxaad+xxmrn^^lLbbMi^ 

'\'Xbb9ca+bbbb:=Lb bbb^b*x9 

yuMi 8 xa'^aa + bbr=ix/ bbbb + bbxM 

r=zb ^bb-^xx 
Becaufe aa is mgativ i tnuilpofe iC 

tf tf + ^ ^i ^ '^ xxzz,xa '\^ b b 

aa-^xa + b^bb + xx'^^bb 

a a — xaz=ibb'^b\/ bb-^-xx 



% + a a 
9 — JTir 

b^bb+xx 



9 

10 

II 



Here the Equation appears quadratic j and becaufe -^^bb+xx 
is greater than bb, it is likewife amUgupus. 



• 

11 c D 


12 


12 ws 2 


13 


1 ^ 
'3+- 


14 



XX XX 



aa^xa+rZssZ: +bb—bx/bb+xx 
4 4 









'JjT 



m* 



a^Z+ylS,+bb'^b^bb+xx 
2-^^ 4 V^ ^ 

= 7± 1.11 = 8.11 or 5.89= AC 

Queftion 104. In the right-angled Triangle ABC, there is 
given the Sum of the Legs A C 4- SCi= 14, and the Sttm tftU 
iH^thentfjfe and Perpendicular^ or AB+CDz: 14.75 STi 
find the Sides of the Triangle ? See Figure^ Queftion loi* 

Let.AC+BC=:i4=4r, AB+CD=i4.7s=:i, ACzza^ 
Afi^r/, thenBC=:;ir— tf, andCD=:*— 7. 

Having now exprefled the Sides of the Triangles in Symbols, 
m which there are two that are unknown, therefore laife two 
Equations from the Properties of the Figure. - - - • 

And 



Ofjhhtng Bpiationsy t^c. 't%g 

'" And becaufe the Triangle ABC Is right-angled, therefore by 

And becau(e 'the Triangles ABC and C B D are funUar^ 
therefore by 



4^.6 
in Symbols 

3 






2 
1 + 



AB: AC: tBC:CD 
,y : « : : >r — a : ^— *y 

by^^yyssiXa'^aa 



Now both tbe vQkpown Q]iantities being to the firft. and 
■.fijcopdi'ower, jri tbe fpMrth Equation, and it beiog yy only in 
the firft Equation, and thefe two Equatiofis containing, the Con* 
ditions of {he Qji^ion, fi|ul the Value of yy in each Equation. 

4d:l s\yy = iy + ^a — xa 

I .5 6 'by + aa'';^xa^=iXX'^i^xa + 2aa 
S'^aa ^ iy-^x azzx X — zxa-^aa 
" -y^xa S dy:z:xx'-^xa'^aa 

X x-^x a + a a 

, 8^b q y = ~ — 



S.aife this Cquatjion to the fecond Power, and make it zr to 
the firft Equation as there it fs only yy^ whereas in the fourth 
Equation it is i^yand y^, whence if we were to exterminate y 
from the fourth Equation, we mufl ufe the Values of y and 'yy» 



9^2 
X • 10 



II 



12 



' ii^xkst'^^dxxx^UuixX'^2aiuuc4;'^UKCx4''aa^ 
ip I j3r=;^ ^ —J jj • ^— 

xxxx'^2axxx^2aaxx^^2aaax*\'a axx^aaa,a 

TT = 

xx-'^zxa ^ 2aa 

xxxx'^TMXxx^zaaxX'^z aaax 4-« a x X'\*a aaa 
^ss^xxbh'-^zhitxa^^zibaa 

■• 'fraiHiwfingahd -ranging the Eouation, according to the 
■ high^ Dimcnfioni of ithe unknown Qtiaiiticy. 

..:.? j2.f- I i^\'adaM'^zxaaa*\*2aAxx*^2bhaM'\^aaxx 
I ] ' '-^zkxxx^zbbxa'\^xxxx^^xxlbts,o . 

• ' Tho' theEqoatiba now appears to be aife^edy yet the fquare 

Ro6t may beccmpleated as in the laft* 
•- ^ To (how the Learner how this is to be done, if he fqiiatesaoy 

fftF Quantities,. (for the Root of the^ore Equation wiHconfift 
r . i P p of 



of (a many Quantities) he wiU find ten Tcr^ns in the Square, four 
of which are pure Powers of the Qu^ntkifs that were iquared, 
and the other fix will be double Refhuigles bf thofe' Quantities, 
of whjch each particillar ^opt will conftkute a Part ot ^^«e of 
the Reaarfglcs. ' ; i -.. 

Now in the ikhove Equation a a a 4y a f ^ Xy xx x Xf 
Are the Squares of. y~ *. ^ a ^^ f Xj x x^ 
And the Quantities - « :2xa a ^,. z^nx^^j 2 a x xx 
are the double Re£tangles of thofe Parts, or Roots, 

And b/estamining ' - * •' 2 b k a a^ tlbkxa^ xx i 3, the 
remaining Terms in the abom Equation,^ riitffirft two are double 
j(ed:angie$ of bbxaa and bb x a x, but ihelaft Term Is only 
aiingle{ledangleof(l»x;ir^ therefe«t lo OGltipleat the Sqia^ 
there wants -r-.xxbbr y^kh when added to -r-xxbb^ will 
make that; a double R^l^ngle of b b x x x^\ and ^ we have no 
purePo.wcr of ^^^.whicli beiogfquared is 'b^bh h^nce if wc 
add '-^bbxx'\'bbbb\i9 our Eqi^ap^ we ihall make it a 
Square, therefore. 



Hi 



aaaa — 2xaaai^2aiixx — 2iiaa +taxx 
— 2axxx-{-^hixti-^xxxx—r2»xbb 
+ bbbi—i^n—*xbb 



" • f - ■ 

Before we proceed, perhaps the Learner might b^Ye obferved 
t^at xxbb is the Square of x bj and thertfore might fuppofe 
that'ttih-be^ne oftheRopts, bul then be will £nd fcb U> make 
a Part only of two pf Ihe Redangtes, whereas, if it had been 
die of i^ R(»ot«, it wottki J»ave ou^ a f i^ijt of xhree of the 
Reftangks. . ^ 

I4«*/ 2 I 15 I a a — ax+xx — bb:it\Xbbbb — xjcbb 
I ^1. zz.^^bb'^xx 

The -r Manner of fia^j-^f^g thi& liioojtjs, I firSt cxtraA the 
fquare Root of'tf tf 4r.4i wt^ijph is a a, t^o/\ the iquare Root of 
aa XX the next pure Power is a x^ and to determine whether 
4ix mbft-have the Siga 4-.' or — *, obferv^^ the St|B of tho double 
Rectangle, of 4hefe^ wo Ro0t$, «/«• oi ^-Jcaaa^ which becaufe 
ic is — I therefore in the Root make it — ax. 

The next pure Power h xx xx whofe Root is xx^ then ob* 
ferve the Sien of the double Reifhmgle of this, and one of the 
two former Roots, as of zaaxx which being + and the Root 
ua being -f-, therefore in the Rom make it 7|r,irir« 

The 



OpfiMn^. EjuaiiHSy &c. 
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TMe ]aft {Mfe P^pwer is »i^^,.|fiiittfeRi6bt is tif itexi obferm 
the Sign of the double Refbngle of -fhis^^hd dm of »iie Tb^iTier 
Roots, as the laft Root act, liat •HV^dbbMe R^Auigto ibf thefe is 
%»xbbj which bein^^ffig^tf/iV/, and the Sign of xm being +, 
tliardfore^plaoe'tfaBSig»-^be£c)^«^^. I - ' : 



TS + ** 
17^0 f 18 



18 itti 2 



19 + ~ 
2 



*■• 



16 jiztf — i7;r-jUjrJif=A*A4-*^^^— £^ 
aa^-^axizbb — xx'\-b^bb — xx 
aa — dx^ l^=:Ai_i££ + 



» « -4 - •* 






26 



*v/^*-A-;r, for fif—^A-sa— 115 

4 



4 

■< I i 



rg I * — -=:v/**— ■^+*i/^*— ** 



irf- 



/» = - +v/W— 
. 1 ■ -- 



XX 



+ by/bb~xx 



* . * ■ 

= 18.79=: AC *m^ich is impoffible, for AC-f-BC=:i4 ^Y 
the Queftion, confequently AC cannot be 18,79 

This impoffible Concluiion is owing to taking the Root of the 
Equation at the fifteenth Step, fef j^s — aax—aa produces 
aaaoy as well as a axaa^ therefore in the Extrai^ion of fuch 
Roots, it is doubtful whether tha Root is ^^aa^ or aoj let us 
now make a new Extradion, and Aippofe it to be -^ait. 



14 uu 2 I 2X 



— aa-^^a x-ir-xx^ b b-zz^b b b i-^xxbb 
^t^n^^xx 

Having fuppoled the^Root ofy^^tf the firft pure Power 
to bfc —^diy I go to .the next pure Power which is aaxx^- 
whole Root is axy b'lit to deterotine its Sign, pbferve the Sign 
of the double Re£bngle of thefe two Roots, vix. of laaaxy 
which being — , I therefore maieTIt ' + ^ -v, as — into 4- 
produces — -• ' - ■ ' ^ 

The next pure Power is ;r ;if .r :^_whofe Root is xx^ then 
obferve the Sign of the double'^^aangle of this, and either of 
the two former Roots as of iiyitr, jib^vthe Sign of zaxxx is — ^ 
thei-efore in the Root make it ^^xx^ for +tf Vx — xx produces 
""^axxx. 

The laft pure Power hbb%ty whofe Root is bb^ and obferve 
the Sign of the double Redangle of this, and either of the other 
%xiis.*^ as fuppofe the laft, the double Rectangle of thefe twQ 

P p 2 Roots 



292 J LO:E BH A^y) 

kooto is 2^^4rjir, whidibdog— , ibMlotc tOMkc it + i y 2B 
—i*Jirx** gives —*Afii. . . 



21 +tf J 



23 — ax 



22 

23 

24 



tf tf.-|- * ^h *— 'X * ZZ # JP-^AT Jr4-** 



aa:z:ii'{'ax''^xx'^b^ hb — xx 
aa^-^ax^zbi^^xx'-^b^bb'-^xx 

Here the E quation is quadratic^ and becaofe — x x '^ 
b\/bb — XX is greater than b by it is therefore ambiguous. 



24^ a 



25 iw 2 



25 



26 



♦/- — * 



4 . 



2 



0Z= 



2~ 4 






14 
14 



56 
14 



««;=196 



* = 14.7s 
h— 14.75 

7375 
10325 

. 5900 
1475^ 

217.5625 = 3 * 

— 196 ZZ'-^XX 



21.5625 (4.64 =\/ A* 
j6 



^X X 



86) 556 
5J6 



»«• 



924) 402C 

16 



369! 



IP I 



329 



U.75 
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14.75 = 4 xxzzi^^ 

4.64= v/** — *^ 3 

5900 4.) 59s = 3 ft X 

8850 " 

5900 147 = 3** 



68.4400 =:*v/ii— '** 

•I * jf 
»47- = ^ 



ai5.44 =*v/** — ** + 2-^ 

4 

217.5625 = i i 
— 215.44 rr — ? — ^ — hs/bh — xx 



2.1225 (146 ncareft=t/*i — iif—*v/*^~^ 

4 . .^ 

I - 



286) 1625 



■I 
.J 



X 



2.4.6= a =: A C. . 
or 5.54 = II = A C. 



But if tf:::: 8.469 then by the ninth Step;pr: „ ^ 



b 

a z: 8.46 
*• = 14. 



3384 
846 



iiix=: 118.44 

846 



£94 la L G E B k A* 



8.46 ^ a 
8.46 = a 



5076 

3384 
6768 



»■ ^ 



71.5716 isr*.:* 
196 = ** 

267.5716 = «« + *# 
— 118.44. = — tf* 



hzz 14.75) 149.1316 (lD.Il=/ = 

1475 
1631 

1475 



1566 

..J47.5 



91 
Becaufe«= A €=1:8.46 therefore 6C=:x — 0=5.54 

That thcfc arc the three Sides of a right-angled Triangle may 
be triedy by fquaring and adding them, to fee if they i^ree with 
the Property of the Figure. 



■ ♦ 



5-54 
5-54^ 


lO.II 

10. n 


8.46 
8.46 


2216 

2770 
2770 


ion 

lOII 

lono 


5076 

3384 

6^08 


30.6916 
. .7«-S7i6 

102.2632 

I02.2I2I 


IC2.2I2X 


71.5716 



•05 1 1 the Difference which arires rrbm the Inaccuracy 
of the Fraftions. 

But if the lajt Procef^ is too perplexing^ the fitme ^uejlion may 
h done otberwife^ thu's^ 

Let 



- Lft A G-f*B^= M-^^>; ^^d ^^ ^^ Biffereace betmreen 
AC and BC, whence as in the forn^er QUeftions the ftcatflr 

LcgorAC:^i±^, aqdthcleffcrUgBC=f;iI?. 

Again put A 3+00=14.75=*, and the Difference be- 
tw€ea AB and €!><»>, then fer the Rfi^om already men- 
tioned A B=£±^'anaC D= tn^. ;■ • 

Kk>w hccaufe the Triangle: A CB i^ light-an^ed. 



i>y 47 < • Jf 



I 



xx + 2xa + aa \- xx — ix^+a'a 



__ ih '^-'ihy --^yy 



4 ■\':\ 



I « 



Becaufe the Triangles ACB and BCD are fimilar, the^£u:q 



by 4 ^ . 6 

s, 

>R Symbols 

,3 ••• 
from the firft 



2 
3 

4 



•I 



A B : A C : : B C : CD 

2 a >2 % 

blh-^y xx'^aa 

4 , 4 

a 4 



pr 



■,j Vj 



I 1 



< » 



The Queftion beiiig contained in the ^MrC^..;ind S&h S^VSi* 
lions, and there being no other Powers of a but aa in both thole 
Equations, exterminate that unknown Quantity. 

a az=: X X '^y y^bb 
2xx-{'2aazzb,b'jr 2iy+ ^ » 
^ aa^=^ b b +21 by +fy *^ 2 *«« 4^ 
^^ -_ ^ ^ + 2^y + yy-^24r^ 

4 



4 ±"(6 

'7 

J8 



5x4 
^ %xx 



8-r^2 



6 . 9 



10 X 2 



10 



IX 



II —yy 12 



12 + 2 b b 

13 — 2.x X 

14 — 2 by 



^3 
14 
J5 



2 

2^x+2yy — 2bb=^bb+2by+yy'!r2j(^x 
T-xx+yy — %pb-zzbb+2by^2xx 
2xx'\-yyz:iib,b'\r2by^^2XXi , x 

yyzz'ibb + 7'^y — ^X9c 

yy — 2 by z:; 2 b b — /^ x x 



Here 



^6 AL G E BJl J. 

Here the E^oatton is quadratic^ and fince — ^^9^ h greater 
^bUL ^b kit is iaiMiguous. 



1 1«' r« 



• 

1 ' 


16 


.; 16 Wt 2 


[^7 


17+* 


i3 



y=b± 2v/A* — '^ =.i4-7S.±9-l 

. == 24.05 or 5.45 

But y ca^mot^ .14105 for the Sum of the Legs is only 14,75 
tbei;efbre j^ = 5*45 



then by Step 6th ( 19 [ azr:\/xx+yy — bbzz 2.85 

I- - ,. ■ 
HI 

Then AB = i±r= IO.I AC = f+.'' = 8.42 BC = 



2 . 2 



= 5.57, ,wbich three Numbers nearly agree^ with the 

I 

Property of tV right-angled Triangle, but not exadly^ bccaufe 
of the ImperfeVSlou of the FraAions. 

The Reader may obferve, that in feveral of the Geometrical 
^Qnsftions, after l^erters are put for one or more of the unknown 
Quantities, we then get Expreflions for the other Pstrts of the 
Figure from itsJEroperties, and therefore avoid ufiog a greater 
Number of unknown Quantities, and in general the &>lution of 
Queftions are more neat and elegant, the fewer unknown Quan- 
-tiWesare ufed -in the Work. 



Y - ■ ■ ■ 

72^. Method of refohmg ^luefiions^ which 
contain four Equations^ and four un- 

r : known sluantities. 

*'^i•\\J HEN the Queftion contains four Equations, and 
yV there are four unknown Quantities in each Equation ; 
find tlie Value of one of the unknown Quantities in one of the 
given Equations, and for that unknown Quantity in the other 
three Equations write this Value of it, which then reduces the 
Queftion to three Equations, and three unknown Quantities. 

Then 
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Then find the Vahie of one of thefe three unknown Quaxt* 
titles in one of thefe three Equations^ and for that unknown 
Quantity in the other two Equations write this Value of ic, 
which reduces the Queftion to two Equations, and two un^ 
known Quantities. 

Then find the Value of one of the unknbwnr Quantities in 
4Bach of thejfe two Equations, and make thefe Equations equal to 
6ne another, v^hen we fhall have an Equation with only one 
unknown Quantity, which being reduced, will anfwer the 
Queftion. 

, » 

Queftion- 105. A Father gave looo I. to his four Sons 
A,B, C,D. 

If PCs Share was added to twice Ws Share^ from which 
fuhftrailing twice Gs and DV Shares^ there remains 650 
Pounds : 

And if from K* s Share there is fuhftrailed three times B'j 
Share, to this Remainder adding twice C*s Share, from zvhicb . 
Sum fuhJiraHing five times D'j Share, there remains 400 Pounds: 

But if to A- J Share there is added four times B'j Share, from 
ivhich Sum fubJlraSfing three times C*j Share, to this Remainder 
adding fix times D^s Share^ the Sum is I J 50 Pounds, How much 
bad each Son ? 

Let /7'= A *s Share, ^uzB's Share, ^zrC's Share, «±:D's 
Share, jssiooo, mzzt^o, ';»=40o, AZ11150. 



from the firft 
5-2 
5- 3 



I 

2 

3 

4 

5 

6 

7 
8 



tf+2^ — 2y — 2« = w/By thfi 
^ — Z^-^^y — 5«=» I'Qiieftion, 

tf-|-4^ — 3> + 6w = ^J 
a ^=^ s — u "^ y — e 

^ + ^ — zy — z^^^ 

s — 4^+y — 6« = « 
J + 3^ — 4J' + 5« = * 



5-4 

Here the Queftion k reduced to thre$ Equatio^is, and thrcf 
tmknown Quantities. 



from the fixth 

9.8 

Here the Queftion is 
ttokjiown Quanticie^. 



9 

10 

II 



s — 4;w— 12«— i2^+4J+/""6*=" 
J+3^+9« +9;'-^3^— 4;^+$^*=* 
reduced to two Equations, and two 



a^ 



W^na 



apS ji L G E B R J. 

10 contra<Jled I 12 | 5 i —'4 m — i8« — iij^=i'^ 
iicontraaed 13 — 2 j+ 3^1 + 14« + 5J^ = * 



from the twelfth 
from the thirteenth 

14- ^5 

16 X 

17 ± 
18-7-64 

then by Step 15th 
and by Step 9th 



,.^ 'is — Am — i^u — n 
14 / — — — 



II 



b-^i s — i^m — 14" 

,5 y i 

^+2J— 3w— 14» _ y'-4ffl— 18«— « 



16 

17 



19 



20 



5 " 

Ili+l2r— 33OT— 154«2=25J — 20« 

— 90« — 5« 
18 , 64«= 11^ — 31— i3»»+S» 
_ii* — '?*-— i3»» + 5'* -- ,.« 

64 the Share Of D. 

_ b -^2 s — 2 m — 14 « 

y 3Z , r ' • • "^ 1 . ^ = 100, 

5 the Share of C. 

and by b'tep 9th 21 ^=m+3«+3jr — x:£=ioo,theSharcofB. 
and by Step ^th | 22 | a=zs — u — y — ^^=750* the Share of A. 

And in the fame Manner ^ay ztiy other Queflion in the like 
Circumftances be anfwered. 

We fhall now add a few Queftions of a different Nature, tho* 
they are fuch as arc generally propofcd to Learners, which 
, requiring a little more Sagacity to exprefs their Conditions, 
have hitherto been avoided, imagining the Learner is more 
perplexed to exprefs, or find out the Equations refulting from 
thefe Queftions, than to refolve thofe Equations ; and therefore 
thought them not fo proper at the Beginning of this Wtrk. 

• 

Queftion 106. J Per/on bought two Horfes hand B, which 
with the Trappings cojl lOO Pounds: 

Now if the Trappings were laid on the Horje A, both Horfes 
were of equal Value : 

But if the Trappings be laid on the Horfe B, he will be douhli 
the Value of the Horfe A. How much did each Horfe coji f 

Let b -zzioo^ tf = the Value of the Horfe B and Trappings, 
then b — ^— the Value of the Horfe A. 



Now becaufe the Horfe B and Trappings arc double the Va- 
lue of the Horfe A, 

bcnce 
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hence 



2-^3 



a; =: 2 4 — 2 tf by the Queftion 

'^ = ii = ^=66lPound8the 
3 3 3 



Price of the Horfe B and Trappings. Confequehtly 100 -i- (56 ? 

% 

s=5 33 i- Pounds, the Price of the Horfe A, 

3 

But to find what the Trappings coft, and by that Means to 

find the Price of the Horfe 6, let y=^ the Price of the Trappings. 
Now the Trappings taken from the Horfe B, and laid iipoq 
the Horfe A, both Horfes being then of equal Value, 

33-1 +^2= 66-^— jf 
.3 3 

334 + 2y = 66l 
3 3 

2)^ = 33! 

yiZL 16 2l Pounds, the Price of the 
3 ' (Trappings. 

Confequently 33 — .+ 16 r. = 50 Pounds, the Price of the 

3 3 

Horfe B. • -. 

* 

Queftion 107. J -Labourer in 40 Weeks Labour faved 28 
Crowns — the Pay of three Weeksy and found he had fpent 36 
Crowns + the Pay of eleven Weeks. HiiO much did he receivjf 
a Week? 



therefore 


I 


i+> 


2 


* — 33 — 
^^ 3 


. 1 

s 


3-r-i 


4 



Let a = his weekly Pay. 

Then he had faved Crowns 
And fpent Crowns 



28 — 3 tf 
- • 36 + II 

64+" 8 ^ 

And as the Sum of thefe two muft be equal to what he re- 
^eiv^d for his forty Weeks Labour, 

therefore i 40 ^ zi 64 -f- 8 ii, 
2 32 J zz 64 

^ = 2 Crowns, Ws weekly Pay. 
Ctq 2 Queflioii 



!• 



I — 8_tf 
2-^32 
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Queftion 108. J Servant was hired fori2 Months^ /or which 
he was to have 24 Ptunds with a Cloak^ wb$n he had ferved 8 
Months he has leave to go away^ and in/lead of his IVages receives 
a Cloak and t -^ Pounds. How much did the Gloak coji f 

Let a zz the Price of the Cloak, ^ ir i%y dzz,2^^ ^ = 8> 

Now d + a is what the Servant was to receive for fervmg 
twelve Months* 

But ^4"^ 's ^^^t he did receive for fcrving eight Months. 

And as the Pay for eight Months was proportional to what 
lie was to receive for twelve Months, therefore, 

d + a : b : : X ^ a : m 
Becaufe when any four Quantities, or 
Numbers, are in Geometrical Pro- 
portion, the Product: of the Ex- 



therefore 
2 + 



2^h—m\ 



treams and Means are equal, 
md-^-mazubx-^ba 
2\ba — m a zz. m d — b x 



m d — b X 

ai:z — 



i — m 



= 9 Pounds, the Price 
(of the Cloak. 



Queflion icg. 7here is a Footman A, who goes 6 Miles a 
Dayy and 8 Days after "R follows him and goes 10 Miles a Day^ 
In how many Days will B overtake A ? 

Let bit 6^ dzz 8, «zr 10, azz the Number of Days B 
travels to overtake A, then as A began to walk eight Days 
before B, 

Hence the Number of Days that A travels, is - d -^ a 
And the Number of Miles A travels, is - b d + b a 
And the Number of Miles B travels, is - - ma 

But when B overtakes A, they muft have travelled an equal 
Number of Miles. 



Therefore 
I — b a 



i Ima =: b d-}- b a 



2 



m a 
a = 



ba = bd 
bd 



= 12, the Number of Days 
m — b 

required, or the Time in which B 

will overtake A« 

jQueftioa 
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Queftion no. If a Scribe can in 8 Days write 15 Sheets^ 
Haw many fuch Scribes can write 405 Sheets in 9 Dajsf 

\> 
: the Number of Scribes, i = 8> ^/= 15, «= 405^^ 



Let a 

nz=zg. 



dn 

h'.dwnx ~ the Number of Sheets the 
b 

Scribe can write in nine Days. 

An hnt 

— :!::«:-- = theNumberofScribci 
b an 

to write the 405 Sheets in nine Days. 

a^Jlzz. 331? 5= 24, the Number 
^» «3S (of Scribes required 



Queftion iii. kcAnde a Piece tfWorkona in ^JFeeks^ B 
ian d$ it three times in 8 Weeks^ and C tan do it jive times in 
12 IVeehs^ In how kng Time can they do it jointly ? 

Let /7= the Time required, i=i, ^2=3, ^=8, «=5> 
!»::= 12, the Number 3 occurring twice, I put only d for it. 



Then 


X 


and 


2 


bence 


3 


1 





Then 













and 



^^^; 



and 



d:b::a:^y the Part of the Work 

that can be done by A in the Time 

fought. 

g:d::a: — y the Part of the Work 
i 
that can be done by B in the Time 
fought. 

m:n::a: — , the Part of the Work 
m 

that can be done by C in the Time 
fought. 



And as thefe three Parts are to be equal to i, or one Work, 



therefore 
whence 



ba , da , na 
d g m 



4 



by 
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by redudne tlv Fradions i. -4- J. o. ^ to a coaunon Deno« 

3 8 12 

fBLVtatoty and adding and abbrieviating them we {hall find 

1 + 1 + -1 = 9. 
3 ^ 8 ^12 8 

Whence ^=^ — = — of a Week, by the Rule for Divifion 

9 9 (of Vulgar Fra<aions; 

If the Week confifts of 6 Days 

9) 48 (S Day* 
45 



And the Pays confifts of 12 Hours 

9) 36 (4 Hours, that is, they will per* 
36 form the Work in five Days 
four Hours» 

Or the Equation — + — + — = 1, may be reduced thus \ 

d g m 

f I d d a . d n a > 
b a 'f' -^ ( =a 





' 


4 X ^ 


6 


6 x^ 


. 7 


y X m 


8 


8^ 


9 



i 



m 



g b a + d da -j-t! = g d 



m 



mgba'\-mdda'\'gdna =mgd 
7ng d 288 

m g b -^ md d -^ g d n 324 



a rz 



g 
zz — of a Week as above. 



73. Having in this eafy familiar Manner, by general and 
univcrfal Rules, explained to the Learner the Elements of this 
celebrated Science, it may not be improper to raife his Curiofi- 
ty, and animate him to exercife his Judgment in the Choice of 
Ql^iantities for the Solution of the fame Queftion, to give an 
Inttance how much the Solution of Queftions becomes more neat 
and elegant, by a judicious Choice ot reprefenting the unknown 
Quantities, The Queftion and its Solution is from the ingenious 
Mr. John Wa r d'j Toung Matkematiciarfs Guide. 

Queftion 



Support 

then 
and 


I 

2 

3 


J.+ 3 


4 


♦ ©■» 


5 


+ + 5 


6 



Ofjohnng Equations, &c." 303 

Queftion lil, j^ ^am p/^y'ig ^* Hazardy or Diet, wan tht 
frftThrotDJttftfa much Aloniy as be had in his Pocket ; thefecoad 
Throw he won the fqmre Root ef what he then had, and five 
Sbiilings mere i the third Throw he won the Square of all be then 
had; after which hit whole Sum wai 112 1. its. od. What 
Money had he when he began te play ? 

a:= his fifft Sum. 

2 a := his Sum after the firft Throw. 

v/ 2 « : + S = his Winnings at the 

lecond Throw. 
v/2a: + 2a-|-5 = hi8 Sum after 

the fecond Threw. 
■La-\-^a^2a-\-io^2a-{-^aa 

+ 20 fl + 25 = his Winnings at 

the third Throw. 
24a + 4«V^2a + II^2a+4atf 

+ 30 r= 2256 Shillings. 

Now to avoid thefc furd ^antltifs, let us make a fecond 
Suppofition; for 

Let I 2 a d =: his (irll Sum. 
then 2 4 aa z= his Sum after the firft Throw, 
and 3 2a+5— his Winning at the fecond 
Throw. 
2 + 3 4 4aa+2fl + 5zr'his Sum after the 

fecond Throw. 
4®" 2 5 16 aa aa -{-iba a a + 4.00 a •}-2Q a 
+ 4 « a 4" 25 = *>'s Winnings at 
the third Throw. 
4 + 5 6 l6aaaa-^i6aaa-{-,{Saa~{'22a 
+ 30^2256 

But to ovoid thcfe high Equations, let us make a third Sup- 
pofition j for 

If = his firft Sum. 
2 

n d = his Sum after the firft Throw. 
a-\- $= his Winnings at the fecond 

Throw, 
d a + « + 5 his Sum after the fecond 
Throw. 

' But 



then 
and 



2 + 3 



iH 
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third 



But as It was the Square of ^^7+«-|-5 he won at the third 
Thrown to avoid the Trouble of fquaring it, 

e e 'zz his Winnings at tho 

Throw, confequently 
e e + e=^ 2256 Shillings 

^ ^ + ^ + 0-^5 =* 2256.25 

^ + 0.5 = 47.5 

^3347 • Becaufe at the nfth Step g was 

fubftituted for « ^ -f- <i + S 
tftf + tf + 55s=47 

a a +a']-' 0.25 ^ 42*25 
tf + 0.5 = 6.5 
^1=6 



fubftitute 


5 


then 


6 


5 + 6 


7 


7 <^t3 


8 


Sum 2 


9 


9 — 0.5 


10 


5 . 10 


II 

1 


II --5 


12 


i^e a 


13 


13 uu 2 


1+ 


14 — 0.5 


15 


whence 


16 







tf a 



— =18 Shillings, the Money he had 
^ (when he iirft began to play. 



The Learner will eaflly obfenre, that the third Solution b mort 
neat and elegant than either of the other two; tho* Tknowof 
no general Rule that is given for the Choice of the Quantities to 
ftate the Queftion, but it is left to the Judgment and Sagacity 
of the Reader, and as fuch Methods muft be attended with par- 
ticular DifEculties to a Learner, I have avoided the perplexing 
him with them ; but as he has now a general Method of folvlng 
Equations, he may exercifc his Judgment at his own Pifcretion, 
in the Choice of different Quantities to leprefisnt the fame 
Queftion. 



Tie Method of exprejjing the Power of 
any ^luantity^ by placing a Figure 
over it. 

74* ^TT^HERE is a more compendious Method ofexprefling 

X the high Powers of any Quantity, than writing 

them at length, by placing a Figure over the Quantity thus, 

4. 3 « » $ . 

a is aaaa^ and a is aaa^ and a is tf, and a b \% a a h h h^ 

that is, the Figure that ftands over the Letter fhows to what 

Power 
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Power that Letter, or Qiiantity, is involved, which Method of 
Notation is generally ufed when the Powers are high. The Fi- 
gures placed over the Quantity are called Expments, the Mind 
being a little accuflomed to this Method of Notation, will as 
eafdy manage an Algebraic Procefs, when the Powers are ex- 
prelTed by Expsnents, as if they were repeated at length ; and for 
the further Eafe of the Learner, in this Method of Notation, wc 
will refumc the Solution of Quefiion 90, expreffing the Powers 
by Exponents, that the Learner may compare hoih the Opcni- 
tions together. 





I 

2 


!+'■ 


3 


3 — I» 


4 


2 — * 


5 


4 ■ 5 


6 


' + ' 


7 


7 — 


8 


^ + m 


9 


9 — a* 


10 


10©- 2 


II 


a . II . 10 


12 


1% in Nmnbers 


'3 


13 contrafled 


'4 


13 — a* 


•5 


15 + 2^' 


16 


16 + 188 fl» 


•7 


17-1870 


18 






(to find d and/. 



II' + tf — m = e» 

^2 = 2 a — ( 

«» + «;— w— 2a — e 

*i» + a — m + e = xa 

a^ — m -{- e =:a 

ezr.a ~\-m — «' 

ei^fli-f-zaw + ffj* — aa^-^Jffifl*-}-^* 
a'^-\-2am-\-m'^ — 2a' — 2ma*-f-a4-f-« 

1880+8836— 2tf'—i88<2'+fli+a 

+ 94 = 2« 
1870+8930— 2a' — l88a* + <i* = 

— 041=1^70+8930 — 2a' — i88a» 
— a++2fl' = i87o+8930 — 188«* 
— ai- + 2a' + i88fl^=i87a + 8Q30 

— 04 + 20' -|-i88o*— 187.7=8930 



In the fame Manner the Learner may attempt the Solution of 
any of the other Queftions, exprefling the Powers by Exponinlitm 
One thing is to be carefully obferved, that the Expsntnt belonglj 
only to the Letter which ftands under it, and when it is onlM 
Unity, or I, it is never fet down, like the Co-efficient when it I 
is Vnitf only, it is generally neglecled in the Expreffion, 



1 



fbe/Mefiod of Jtkomfi^ is 

iifhifedj 4fr (kimkf but tifpm Anfitfft i 
Or if it is ifukterminedy that is^ admits 

75. ^np H £ Queftioo being ftated^ that b, all the Equiitidh^ 
X being exprefled which are neceflary for the &lution 
of the Qucftiolif then if there are mof^e ' uriuiown Quantitiet 
than there are BfuatUntf the Cbieftion actmib. of. a Variety d 
Anfwersy and is tberifbre tthHmited or i^detemiined, ' ix.gr. 

t 

Here there are threp Unknown Qu^ities^ and onljr two 
.Equations* .^' . 

. Now,< Japing in both thd giren EquaiionSy; yoUma^ fuppofe it 
any Number under 2O9 th^leaft of the twojgiven Ndmbm^ as 
for Example fuppofe ^z= i6. 

Tlfcft the fifft Equation* is « 4- 16 =140^ 
And ^ fbcond Equation is I6 -^y =20* 

Ffom whence it will be ea(y to find a and y^ but if^ is fup- 
pofed any other Number lihder 2O9 then t^ere will be found 
different Numbers for ^ and >, and the lil^ of any bther Que- 
filon, where the Number oT unknown Quanthies, are mote 
than the Equations which arife from the Queftion. 

But when the Number of given Equations are ju/f as many 
fls the unknown ^uanilt&s reauired to be founds mtn the Que- 
ftion generally admitt biit of bne Ahfwer, for then each of the 
Quantities fought bath generally but one (Ingle Vahze, thus as 
at Queftion 80j where we have 



I 

2 

3 



a + e +y r= * = 18 
^Hh3^ — 2jr = m = 9 
^ + 47 — 2tf -zzp = 21 



r • 



Where «2=5, *=6, and 7 = 7, 

But 



in, 

la 

I r U + ,=:i6^ ^M 

I 2 a «= 4.8 ^ to find a and e, - ^^H 

"9 



To'exlraSi the Cuhe Roof. g 

But when the Number of giyen Equations txctids thi 
Nvmher af^anfh'" fittght, they not only limit the Qycftion, 
but often render [t iinfoffibU, i» one of the Equations may bti 
inconfiftent with another ; as for Example, -* 



Now here are three Equations, and but two unknown QuaiU; 
titles, and the Jiril and lecond Equations include a pbiBblc Cafe, 
and it may be found what the Numbers are. 

And if we take the lecond and third Equations, they like- 
wife indude a poiEble Cafe, for ic may be determined what thol»j 
Numbers are. 

But all three Equations together render the Cafe ImpoJHI 
the firft Equation being incompatible with the third, as the Si 
«f two Numbers cannot be lefs than their Difference. 



!?tf raifi or invent a Method to extraSi tt 
'-■"* Cube Root, 

76. '~V*' H I S is no more than the Method of Converging 
X. Series applied to the Solution of an Equation, one Side 
of which is the unknown Quantity, and is a pure- Cube, ggj 
taifed to the third Power only, ex. gr, ■ 

Suppofe aaa =9261, where 9261 is 2 Cube Number, ntnr" 
to find what a, or the Number is that being cubed wilt produce 
9261, is to excradl the Cube Root of 9261. 

fiy the common Method of ditiinguifhing of how many 
Places the Root will confifl, by placing a Point over the 
Place of Units, and another over every third Figure, the Root 
win conlin of two Places, therefore fuppofc the Cube R90E 
t9 be • ' - ' 20 m 

r"^ _^_ ,j 



] 



, 8000 which being lels than 

r' 1)2^1 the ^vcn Number, the Cube Root of 9261 mim be more 
than 20. 



^3oB 
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Nowimc r=20, iuid # fiir wint lo' wUitf^«f the imrRbot, 
thien is r + # =s «, or ibe Cube Root of 9166^1, and prooeedl as 
in the Method of C#iiv#i^'M|ffrriri, Cafe i. Pag^ 230. 



•I 



...'1 



. If 1 1 1 r + < = tf. 



Raife this Equation tp the third Poiwer^ becaufe it is the 
Cube Root, which is to be extraAed. • « 



■■ • • 1 



i< ' 



1^3 

- but 



.J- 



• I 



3 41^2^13^9:261 by the 'Exampl^ 

4 t>yir+3rr/ + 3r/V-fAr##saB:9a6r 



rut this Equation into Numbers, and rejeft all the Powers of 
f 4bove #4, as in the Metl^ of Canviirging Sifia* , 

' ' . . "i ' ■ ■■ . . ' . • ' 

4 in Numbers 5I 8060 -|- iaoo/-|- ^0^^ = 9261 

Bediufe 8000 is leis than '9261, tranF' 

-. JNfeSppQ . , 

6 1200^ + 60^ f = 1261 

^ivi^iog by the Q^rffficient of #/• -7^ 

.Dividing by 26 +/, that is, by the Co* 
efficient of e plus ^, as in the Method 
of Convarging S^rUu 
^21.01 

20+# 



* 



5 — 8000 

» * 
' 6-r-6o 



iO-j-f 



8 



Operation in Numbers, 

20) 21.01 (iTZi 

Divifor 21 21 






01 Remainder rejected. 



r + ezz 2J zz dy which being tried will be found to be the 
Cube Root of 9261. And by the fame Method may the Cul)e 
Root of any other Number betxtraded. 

But to fave the Trouble of repeating thb Operation, when 

any Cube Root is to be extracted, the above Pxocefs may be 

. made inore general, by not turning the Equation at the fourth 

^tep Into* Numbers, and putting any Letter for the given Num* 

ber^ wbofe Cube Root i:; to be e)iix^&€ii» 

Suppofe 



To exlraS the CiAe koof. 

Suppofe as before 11011=79161, lc(^=926l. 

Tbenflafl=i, to find a, or to extra^ the Ci 

Now make a Suppofition that ao is the Root, which being 

tried as before, it will be found too little. Then put 20 = r, 

and becaure 20 is too little, r in this Cafe is ufually called Ufs. 

tian juji ; and for what r wants of the true Root put i^ " 

T-\-e will be the tiuc Root> or equal to «. 

Hence i r -(- ' ="* 

Raife this Equation to the third Powei 

as before. 
r r r + 3 r r a -I- 3 r * * + * r * =: a a tf 
a aa=lt as above 
Trr-\--irre-{-iree-\-tet = i 
As we know rrr to be Icis than *, by finding the Cube of 20 
was le6 than the given Number, therefore tranlpoife rrr, suid 
xcieSi the Powers of* above ee. 

5 I 3rr*+ irte = b—rrr 
I Dividing by the Co-e£cieat aite. \ 
I , b — rrr .' 



I ©■ 3 



: Root. ^^H 
,.,u:^v. being 



5^-3' 



3' 



As there will be another Divilion before the Opention % 
finilhed, to keep the Fiadlion as flinple as inajr be. iiibflkute 

a*" , . 

Then \t \ r t-{- 1 tzz D j 

Now dividing by r'\-e, that is, the Co-dEcient oitpius t,- 



7^r + -\»\' = 

Operation in Numbers, 

b/= 9261 

m—rrr=. — s ooQ 

3r=; 60) 1261 (a 

120 

61 - 



, THEOREM t. 



qfip .\:^ JkG £ RJljf^ 

nsckfiofi 



• * 



' ■ ...4. li. 



^ — *^ ■ . • ^ ■■ ' ■ 

* , ■ y 

L 7.V(»rifiipp6&, it waf i:eqiilfed t^ ^mctir^ ^ Cybe Root of 

132651* '-J- • • ■ •' •* •■ 

Box, naxfdii^.^ ^ Vh^ M fomtitif^ the Root wiB 
xoaiift of twp.PMcts^ apd Co ]mk^ ^.toleraUe near Suppofiikm 
iiiH^^fmv}^ firft I^crtpd Bc&ig 132, TOfi^-lrtiat 
Wbole Numbi^ cubed willbe the 1^ ttz^ and I find ft 



than 132. .!— ^— 1" . ' •. -J -^ .J> ._^ - ; ^ ! , , 

Hence as before, Mfe are to <Ieieriniiiie %)iat^ Kiimber is. 



s; Th»t;'pvmii«;.f,?; 50, ana ^ wliat it waotsoF the true Root^ 
and bzn 1326J1, we haVe juft tne fame fubftito(e(| Inters as in 
thelaft Example ; and if the* Operation was repeated it will Jy 
exaSly the lame, it is therefore needlels to repeat Ac Work, 
but only obferving the &qoatk)a, .or T&for^ to i!nd e^ which 

isv= .AL,'stnd Uy Bubftitutioii mt have D:r t:Z!i::^ : 
Now^zi i3265r 

— rr r zi — 125000 '• ■' ;.i «:v,; . 



3 r 5=s 150) '7651 (51.006 =^ A 

750 



- . i 



T""^ 



r5» 
150 



1000 
9Q0 



100 



r=5« 



To ixtfjiBjU Cube. Sofft, 

DivifofSi 51 



006 Renuinder negl^fietl, 



<\i:vt±k 



Now it was r =: 50 

We have found e ^ i 

r + f = 51 = the Cube Root of 13265 1, which \ 
being tried will be found to be true. 

And in the fame Maimer, the Cube Root of any other Nunj* J 
ber may be extrafted, without repeating the Algchraic Workl I 
when the Number aHumed for the Root is lef^ than the fr/3 ' 
Root : But when the Number alTumed for the Root is too much, 
or more than the true Root, then we proceed as in the following 
Example, in the fame Manner as at the f^ond Cafe of Canverging 
Series^ Page 235. 

Required to cxtrafi the Cube Root of 24389, or«a^| 
= 24389. I 

By the ufual Method of pointing, the Root will coafift of two 
Figures, the firft Period of the given Number is 24, and the 
, Cube of 3 being the neareft of whole Numbers to 24, and fup- 
plying the other Place of the Root with a Cypher, I fuppofe 30 
to be the Cube Root of 24389, but the Cube of 30 is 27000, 
which being more than the given Number, the Cube Root cao*^ 
not be fo much as 30. 

Therefore let ^=30, which is now too great or mre than jujl^ 
and what 30 is too much call f, then will r — e^a, or the 
true Cube Root required, and calling the given Number 
24389 = ^, 

we have 

Raife this Equation to the third Power \ 
as before. 
I ©- 3 2 rrr—irre + -iree- 

but 'j Qaa-=: 243S9 = ^, as ^ is put for tha-l 
given Number. 
2.3 4 rrr — ■^rre-\-'^rte — eee = h 

. Becaufe h is lefs than rrr^ tranfpole h and rejeift the Poweal 
of t above ( 1. 

4 — h I 5 I rrr — h — -^m -^yit^=Ot for one 
Side of the Equation fubflrafled from 
the other Side muft leave o, or nothinT. 
Tht 



Then (nufpeftill the Powcn ^«^ to the other Side of tB» 
Equstioiv 



5 + 3''''» 

6 — 3re/ 



J-i-Zr 



6 

7 

8 



trrt'—^reessrrr — * 
Dividing by the Co-efficieat of ti, 

a*- 



I 

Atd^re will be another Divifioii before the Operation is 
ftiiflied, to keepf die Fra&on as fimple as may be, fubfljtute 

Tbeal ^Ire — tfzsG 

Now dividing by r—- /, that ts« by the Co^efficient of/ 

' * 



Operation, 



rrr':n 27000 

3rs=9o} 2611 (29.01 r=<?^ 
180 



811 

8ro 



aav 



100 

90 



■Vii* 



10 

r= 30) 29.01 -rrG (l 
pivifor 29 29 



tf 



01 Remainder neglected. 



r = 30 



>" — ^ = 29 = tf, which being cubed will be found the true 
Ciibc Root of 24389* 

lo 



To tMra^ the Cubt^fbot. 3! if 

' tk this Gafc, the Q|K>itefit F%uitet^'(U6ff^^ed from tlie £>i- 
yfUht asr Vt i» fouitdy tte DtViio^ Kt tlitt tdiith Step being 1^ «^ r, 
whereas in Ti&f^^f/n-t^k vMa^th)6ei^tkStq;rr^^f. 

Now as the firft fuppofed Root muft be too great or too little, 
unlels it happens to be taken txa& at the firft Time, therefore 
Ihde t^iro Theorems will extrafk the Cut^Robt of any Kamber, 
itt* ill tfit feltowih^ Exaiibple. 

Let it be required to extras the Cube Root of 14526.794^ 

From pointing the whole Numbers according, to the ufual 
Method in common Arithmetic, the Root will' confift of two 
Places of Int^ers, the firft Period of the given Number being 1 4, 
the Cube of the whole Number which is neardl to 14 is 2 s 
and fuppiying the other Place of the Root with a Ofpber^ I fup« 
pofe the Root of the given Number to be 20, which is too little^ 
or Uf$ tbanjujt^ the Cube of 2 the firft Figure in^ the Root be- 
ingjefs than 14, the firft Period in the given Number. 

Then putting ^r=: 14516.784 r=20, and e what 20 wants 
of the true Root, we proceed as at Theerem i. Page 309, where 

i n -£-, and by Subftitution D zz tzLIZ. 

i 21 14526.784^ 

3 r =s 60) 6526.784 (108.78 ncarcft = i>v 
60 

inr . 
526 

4io 



467 
-420 



47* 

r =a 20) 108^.78 sz D (4.44 =i /♦ 
+'^ «= 4 
Divifor 24 q6 

4.4 I27lff 

Divifor 28.4 1136 

«44 14200^ 



Divifor 28.84 _iL 

2^64 




Sf Tt^ 



314., jtLGBB R A. - 

. The Reader wHl obferve that the Qt^otieot Figure is zided 
twice to the Divifor to C9iqpleat ir, in the fitpie Manner as at 
the Method of Converging Sgries^ Page 233. 

* Nfow rrr 20 

'J +^ = 4-44 ' 

'' r + ezz 24.44 and to try whether thk is the true Root of 

the jiven Number cube it; 

' .', ■ . . . 

24.44 

' . 24.44 



K. f 






9776 
9776 
9776 
4888 

24.44 



-t. 



' 23892544 
23892544 
23892544 
I 1946272 



14598.344384 which being greater than, the given Num- 
ber^ the Root cannot be fo much as 24.44 

To approach ftill nearer to the true Root, make a fecond 
Operation, fuppofing the Number laft. found, ^//z. 24.44 ^^ be r, 
and put e for what that Number is tdo much, then r-r-e will 
be the true Root, and putting the given. Number 14526.784 

z=by wc proceed as at Theorem 2, Page 312, where e zi — — , 

' - -■ • ^ — *• 

and by Subftitution G = . 

'■ ■■ ■ • ^ * . 

r r r = 14598,344384 
— bzz — 14526.784 ■ 

3 r = 73.32) 71.560384 (.976 = G. 

65988 - 

55723 
51324 



-43998 
43992 



r = 24. 



To extras the '€uk %H>t. j ^ 

r zi 24.44) .9760 ti G (.^4 t=£W^ 
•— r zr — »04 c 

Divifor 24.40 9769 ^ "^ ^' . 

o , 

Now r z: 24.44 ^7 ^^^ firft'Opcratiorir 
— ^= — 'O4 

r '^ezz 24*4 which being cubed, will be found the true 

Root of 14526.784 

Therefore by the fecond Operation the, true Root is found. 

For a further Variety, let it be again required to extradl the 
Cube Root of the fame Number 14526.784 • 

But let us fuppofe the Cube Root to be 30, the Cube of 
which being 27000, the Root cannot be fo much as 30, then 
putting r 3:303 wefhallhave r too great or more than juft^ 
and putting i what it is too much, then r — e will be the true . 
Root, and calling the given Number I4526;784 = h^ we pro* 

ceed as at Thtorm 2, Page 312, where ezz -----*-9 and by 

r— i< 

Subflitution G ^LLLnt. 

r r vzi 27000. 
— ^ ^ rz — 14526.784 

3r = 90) 12473.216 (138.591 = (?•• 

go _ - . 

347 

270 - " 



773 
720 



53^ 

450 



821 
810 



116 
. 90 



If 

ff 

t ■ I « 



i«* 



26 

S f 2 ► r = 30 



^i6 :4^i^B^Jl^. 

— » = — 5 



, ) 



DivUbr 


as 


"S 




: •5.7- 


»359 


Pivjfor 


.«9-3 


»35» 



,» 



« 



r = 30. 

— * = — 5.y 

III p i ■ h ■ » 



r — - # =: 24.3 to tiy ^whether this is the Cube 'Root of 

14526.784 cube t4.3 

H-3 
24-3 



'# 



729 
972 
486 

590.49 
24-3 



••i 



I77U7 
236196 

XI 8098 

J4348.907 which being Icfs than the given Number 

I4.526.7&(, the Cube Root muft be more 
than-44.3 

Now for a fecond Operation, and let r zi 24.3 and what it 
wants of the true Root a/tti, then will r + ^ be the true Root^ 
and ftill calling the givtn Number 14526.784=1 ^, we now 

proceed as at Theorem j^ Page 3P9, where e = — ^» and by 

# ^r e 

SubiUtution D £ ijZlZS, 



^' extraSl the Biquadraie Root. 

b — 14526.784 
= — 14348.907 
: 72.g) 177-877 (a.4+=-^- 
1+58 



2.440 =1 D (.1 z 



Divifor 24,4 244 



: 24.3 by the firft Operatinn. 

'* r + ' = 24-4 the true Root as before. __ 

In the Tame Manner may the Cube Root of any other Num- 
ber be estradled, and tho' the true Root may not always be ex- 
aflly had, yet by repeating the Operation you may approach to it, 
within any afTignable Degree of ExaSnefe, and if a linalllVIiftake 
happens in the firft, it will be correfted at the fecond Operation. 



To extraSi the Biquadrate^ or fourth Root. 

THIS Operation proceeds in the fame Manner as in the 
Cube Root, only railing the r-j-f or r — e to the 
fourth Power, thus, 

Required tbt Biquadraie or fourth Root of 194481, or of 
a a a a ^ 194481. 

By placing a Point over the Place d Unites, and another over 
every fourth Figure, we fliall find the Root will confift of two 
Figures : And the firft Period of the given Number being ig, 
now the Biquadrate or fourth Power of 2 being 16, which 
being the neareft in Integers, and fupplying the other Place of 
the Root with 3 Cyphur, we fuppofe 20 to be the Biquadrate 
Root of 194481 ; but the Biquadrate of 20 being only 160000, 
the Root muft be more than 20. Now let r = 20, and putting 
e for what 20 wants of the true Root, then will r-^-c^^a 
be the true Root required ; and calling the given Number 
194481 =:i>, then aaaa — b. 



■>&xxwi 



M 



3i8 



AL G E BR A. 

Now \i\r+ e^na 



Raife this Equation to the fourth Power, beeaufe it is the 
Bifuadraii Root that is to be extraAed. 



i©-4 
But 

4 — r r r r 
5-f-6rr 



3 

4 

5 

6 



rrrr + J^rrri-\-f}rrie=^aaaa^ 
all the Powers of / above ee being 
rejeded. 

aaaassbj b being put equal to the 
given Number. 

rrrr'\'j^rrre'\'brree'=zh. 
Becaufe rrrr is leis than h^ tranfpofe 

r r r r* 
Ji.rrre+6rrei — b — rrrr 
Dividing by the Co-efficient of e i. 
2 r e , ^ ^ b'-^r r r r 



3 ' 6rr 

As there will be another Divifion before the Operation is 
finiibed, therefore as in the Cube Root, put Z> = 



rrrr 



6rr 



Then 7 



2r e 



+ ^ ^ = i>* 



2 r 



Now dividing by ._ -f- /» that is, the Co-efficient of ^ 

3 

plus e. 



8-ir + . 



8 



_ D 



2 r 



THEOREM J. 



+ e 



Operation b z= 1 94481 
'-—rrrr^^"^ 160000 



6rrzz 2400) 34481 (14.367 =: D. 

24 00 

10481 
9600 



8810 

7200 



mi 



I6ICO 

T44OO 

17000 



2r 



To extract ib^ Biq^adratf RooK 

*£ = 13.33) X4.367 SK D (1.;=:*. 
3 



319 



»\ 



+ I 



'4-33 ^433 






37 Remainder negledled. 



r rr 20 



r + / zz 21 =: ^^ which being raifcd to the fourth Power, 
will be found to be the Biqundtate Kgot of the given Number. 

And if we here take the firft' Root too great, or more than 
theTtrulEy Sie Operatioais-the iame as raifing the fecond Tbemm^ 
for the Cube Root. 

Suppofe aaaa = 45697%, to ,find the BiqtmdraU Root. 

The Root being found to confift of two Figures as before, 
and the firft Pericrf in the given Number ,being 45, and the 
Biquadrate of 3 being 81, fupplying the other Place of the 
Root with a Cypher^ let us fuppofe 30 to be the Root, but the 
i3/;2rtf^rtf/^of 30 is 810000, which being more than 456976, 
the Root cannot be.£i mu<^h. as^Q- 

Then putting r r= 30, and e what 30 is too much, we have 
r— -^rr^7 the Root required; ai)d putting 3=3456976, we 
then have aaaa:=^b. 



Now 



1 ©-4 
But 

2.3 



2 

3 

4 



r — ^ = /» 

Raifing this Equation to the fourth 

Powejf as before, and neglefling the 

Powert of ^ above ee, 

rrrrr^4,rrre + 6rriezzaaas 
a a a azz b 

r^y^cr^rrre + 6 r r te-zzh 



Becaufe h is lefs than rrrr therefore tranfpofe.^.^ 

* ' •'/""*■' . 



4~* 



5 4- 4r r r< 



?i 



... \ - * 

rrrr-^b — 4r r r^+36rrr/zzo, 
one Side of the Equation being fub- 
ftraded .from the othop;..inuft leave 
noi^ng^ now tranfpofe the feveral 
Powers of ^; 

4rrr^=: rrrr — 3-1-6 rr// 

■•■ ■* ■ 6 — 



^a 



AVGEBRA. 



6 — 6r n $ 



j"^ 6r r 



8 



Divide by the Co-eflkient 0(ei. 
2 r / _ r r t r -=- b 

6 r r 



For the fame Reafon as la Chtf t^ Operatioo^ fubftitute 
rrrr — t 



G = 




3 
Now divide by— — /y^tfiatia^by the 

Co-e£Sk:ient of ^ l^se. 



2 r 



— # 



Oj^iatioiiy 

r r r ^ = SlOCOO 
— * « — 4.56976 



6rr = 540o) 35 3024 (65.374 

3^40^ 
29024 

27000 



a. 



20240 
16200 



M»«A. 



mm- 



404^0 
3780a 

26000 
21600 

4400 

IT r=: 20O 65.374 =: G (4.08 = /. 
Diviibft i6. 64 



— __£8 13740 
Divifor 15.92 1273 6 

1004 



r^30 



To iXfyraSt tl(e J^i^ua^ate Roof, w 



4 \ 't ■". /^ 



— * = — 4.08 .. -....:_„._,. 

r — ih£ 25.92'ri ^, andtpJtij' if this is the true RoQf^ 

. raife xf.(j^ to the fourth Power, 



2-5.92 
25.92 



' "^ ■ ».' 






ri i 



5184 .. \ 'Cj:v:: 

23328 ' - 

12960 
5184 



671.8464 
671.8464 



■•• 



-. « i V* 



2687385^^ 
40310784 
26873856 

53747712 '-:>sT 
6718464 - — '^. 
47029248 
47029248 
40310784 ... V : 



J,-:. 



45 1 377. 585 19296 which being lefs thab the giireti Number 

< . ;456976« the true Root muft. be more 
> .. than 25.92 ■ , 



J k' '• 



: :..;TJ«n£)r a feco&d. Operation let r 3? 25.92 and for what It <^ 
w^nts of tfae*tiue^:Root. pu^ e^ that , now r + ^ ts^,. a{i4 fiiU 

rcall&g.the given Niiipb^ 456976 ss^, this i^ exa^l]ri;^.fame 
Cafei as wl^ we* taifed the nx^.l%iorim^ Page 318) for the 
SSfuaJrate Root, jvi^^nce wehavArno Occafion tp repeat 

xtim^^Algibraic WocI^^ . but to ufe that TbiQnmf whore 

*^> ^ — £«, and hirSubftittttion JD =:» IziililL:. 



* *, 



T t *«^ 



'^ .V: y. iii±^% S k -A ' ' 



* = 456976. 

— rrrr = — 451377.5852 



> I 



^,,6r/;=,4oati-0784) 559^4^8 (i.3S8«rf. 



-»w ■ 



156733640 
120932352 

358012880 - 

322486272 ir.ll 



355266080 
322486272 



'V .• 



m- 



32779808 



• » 
h f 'A ■ 



IT = 17.28) i.388&= 2) (ToTi; ?. 

3 

+ .08 



v>. ■• » 



^ * 



Divifor 1736 J 3888 



r = 25.92, by the firft Operation, ' 

+ ^ = , .08 . 



• " f « vr • ' ■ 



r+^ = 26. = J, Wfejch belng^involved to the fourth 
Power will be found the trueBtfuddme Root of 456976. 

The Reader will eafily obferve that thefe two Tbtortms will 
cxtn^a tlie Bi quadrate Root of aay gtVcA Number^ in tbelfiune 
Maifner aslhe two Heohms did for th^ Ciibe Root, v. ^ 

Itt (be *me Method y??ay Theorems be rilfed to eattn^l imf 

' Root, it being no more than to fuppofea-Nttmber to be tbeit- 

quircd^'Root, and try whether it is t6o great or tbo little f^^Sen 

*-canfneit''r-f*» or r—/t=ij, or the tWMi'ftootw fhc^Ocoifiwx 

requires^ and fajfe^ttus-fqiiatioii as bi^ as. the R^t isjo te 

extra^ed, after jwbich the Operatioh"^ fhelame' ai'BeEi^. 



T0 



^ i 



^pUs. "^H 
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To turn Equatktts into Analogies. 

77. QUPPOSE there was given this Proportion a:b::c:tii 
k3 then multiplying Extreams and Means we have this £- 
quation ad-^bcy now as we get an Equation from Quantities 
in continual Proportion, by multiplying the Extreams and 
Means and making one Prodii<5t equal to the other. Hence to 
turn any Equation into an Analogy, is only the reverie, by 
taking the Quantities that compofe one Side of the Equation, 
and making them the two Extreams, and the Qiiantities that 
compofe the other Side of the Equation, and making them the 
two Means in ihe Proportion, 

To turn the Equation md=za into an Analogy. 

One Side of the Equation is compofed of the Quantities m 
and d. 

And the other Side of the Equation is compofed of the Quan- 
tities z and a. 

Hence placing thefe Quantities according to the Diretftlonj 
we have m:z::a:d 

Or d : z : : a I m 

Or % : d : : m -.a I 

Or x: m:-. d : a, &c. ■■ J 

For multiplying the Extreams and Means of either of thcfe 
Proportions, wc ftiall (till have the given Equation dm=xa. 

Again, fuppofe the Equation anrzibdx, and it is required to 
find the Proportion of a to b. 

Now one Side of the Equation is corapofed of the Quantities 
a and n. 

And the other Side of the Equation is compofed of the Quan- 
tities h and d 



ranging thefe Quantites, make the Qiiantities a and 
i, whofe Proportion is required, the firft and fecond Terms in 
the Proportion, and plate the other two Quantities fo, that if 
the Extreams and Means were to be multiplied, they would pro- 
duce the given Equation, and then we fliall find ah\.dx:n. 

From the Equation dnj — bxx., to find the Piuponion of 
d to 6. 
y By the Dirc<5tions we fball lind d:i::xz:iiy. 



T t 2 Frc 



1 



324 A LO E B it A, 

Froip ^ ZZpxd, to find the Proportion of a to ^^ which 



m 

is a\diipx\'-' for multiplying Extreams and Means — 

m m 

-dpx. 

> 

To find the Proportion of tf to 2 fron) — . = — » here 
h n 

To find the Proportion of ^ j to </, from j* or taiz=^dny. 
Here ab:d::ny:ij for multiplying Extreams and Means' 
we. have ab'szdny. 



78. I fliall now fliow the Learner, the Certainty of the 
Rules on which this Science is founded ; this I have purpofdy 
omitted in the. Beginning of the Work, imagining it in general 
unreafonable to expe<5t a Learner to fee the Force of a Demon- 
ftration in Algebra^ before he is acquainted with 'its Chara^n 
and Language. 

T^e Foundation of tranfpojing ^antities. 

TH I S is grounded on the obvious Truth, that every 
Thing is equal to itfclf ; that is, mzzm^ and — ^ •—' ■■■y; 
whence to tranfpofe any Quantity, is only to make that Quan- 
tity equal to itfelf, prefixing to it the contrary Sign, and adding 
it to the given Equation. Suppofe there is given 





I 


a — b + d — mzzzy to tranfpofe i, d^ 
and m. 


Now 


.2 


b^b 


1+2 


3 


a +^ — »»zi» + i 


And 


4 


— dz=: — d 


Lftly 


5 


a — OT=:z + * — d 


6 

f 


m — m 


5 + 6 


7 


a^=>Z'\'b^'d'\'m' 



i . . 



' SUBSTRA CTION. 

I fay to fubftra£i: a negathii Quantity from a pofitive^ is only 
to change the Sign of the negative Quantity and add it to the 

pofttha 



H^e Rules demonjlrated. 2^ jr. 

pofithe Quantity^ and this Sum will be the Remainder required; 
That is, 

\i X — y h fubftradled .frpm,;if + j^, I fey jthc Remainder is 
2jf, for 



Suppofe J I x-^r yi=^m 
And I 2 1 Jf — y = n 



:;i 



Now if it can be proved that 7.y Is equal to the Difference 
between m and n, it folio w;s that to fubftra(^ a negative Quantity 
it' to change its Sign and add it« 

2+;^ I 3 I ^ = n+y ■ ^ 

r ■ •■ 

• ■ 

Now in the firft Equation for x write w+^> for that W 
equal to x. 

Then I 4 I « + 2 j> = « 

4-7« I 5 1 2;^iz z« — n. Q. E. D« 

* 

I lay further, that to fubftra£l a negative Quantity froqs % 
negative Quantity, is done by changing the Sign of the Quantity 
to be fubftraSed, and then adding them by the Rules in Addi« 
tion, which will be the Difference required. 



Suppofe 
And 



I 

2 



X — 2yzz:m 
X — y zz n 



Now at the fecond Equation fuppofing the — y to bec6me 
+y, then — 2y +7 = — y^ and if it^can be proved that 
— y zzm — », then to fubltraS a negative Quantity from a 
negative Quantity, is only to change its Sign and add it. 



2+^ 

I • 3 
S — n 

That is 



3 jf = «+y 

4 I «+> — 2y zr m 

5 jy — 2y=^m — n 

6 I — y = /w — n. Qi E. D. 



And that nt'^n is a negative Quantity is evident, for 
;e— 2y cannot be fa great as a? — ^y, they being fuppofed pofitive 
C^antities^ and therefore m cannot be fo great as n \ con-* 

fequently 



Jf?^ 



A L6 B B R A, 



fequqidy m-'r^ni^B^n^gaiivi. Qjo^titji^ ijnd tbtrefere may bc^ 
equal to —jr. And in 

* UifL T I PLICATION, 

I fay unlike Signs being multiplied gives -r in the Produd j^ 
that is, — axa,Tzz — a a. 

To prove which, I take for granted the following 

LE M MA. 

That naQuantittes connefM by the Sign -)- only, or I7 
the Sign — only, can be equal to nothing. Tint is, it cannot 
be — a — i=o, or j + izio, though it may be tf — ^=0, 
or *— tf=o. 

Now if poffible, let — a x a produce a a where the Sign of 
tbe Produd is affirmative. 



Let 



I 
2 



m — tf = b 

a^a^ that is, every Quantity is equal 
to itfelf. 
I y 2 3 /» ^7 -f- tf tf =» tf, by the Suppofition, 
that is, ma "{-a a is equal to nothings which is againft the 
Lemma^ therefore ^-ax a cannot prodtice a a* 
*But, I fay — a x tf = — a a. 

Let I I « •— 4? = o 

2 -{-a^n + aj hx any Qtiai\tity it equal 

to ixfelf. 

1x2 3 ma — aazzoa^ th^^tity ma — aa h 

equal to nothings whence ma:=ia a. Now that ma=z aa is 

evident, for m — tf = 0, therefore in = tf, and multiplying by 

a we have maz=zaay confequently — axa-zi — aa. Q. E. D. 

I fay further, that like Signs tho' — being multiplied, pro- 

iduce 4- in the ProduA. That is, — ax — a produces a a and 

not 



aa^ for 



Let 



I 
2 



m — ^7 1= o 

— azz — ay every negative Quantity 
being equal to itfelf. 



Now, if poffible, let — ax — a produce -*- a a. Then 

I X 2 I 3 I — ma — aa^Ts — o^, by the Suppofi- 
tfoB, that is, "^ma — a a i% equal to nothings which is agafpft 

the 



73&^ ^b^s [ie^tnflrited. 



W 



the Lemmfy therefore --rax — ^ cannot produce —-ii4» -but 
the S^'TO&ift be + or affirrn&tive^ Which may be further 
proved thus. 



Let 



z X 2 



I m — <7 = o 

is eqoal to tAthingj from Whence ma=aa/. Ahd that in a ==^^a 
U evident, for W-^^=:b, thcfrefore »i =^>' atf d multij^lylhgj^ 
tf, wchav«wfl=fl<i. Hence— tfx4-i?i:i4^.' QiE.D.;, "' 



D I V I s ro isr. 






i ■ 



• • • ) V 1 J 



As unlike Signs in MuUipUcfttioft prodj^cp -^in the Produdl:, 
I fay that, . . . * ? ^ 

In Divilion, unlike Signs being dividpd dive — in the Quo- 




\ --1 



If I I ab^-^bbzio , 

Let ^ brzib 

o 
I -r- 2 3 a'\'b'zz':^ hy ih^ Suppofition, that is 

• n j^b'. iscequal.to nothtngy wliioh is againft the Z^x^kx^^j ;tfaere* 
fore an Abuirdjty follows the Suppoutipn, that unlibsl^^Sigfis 

Jgive.4-*.in the (^otien^^but I fay unljkc: ^ignV give .^;jin 
the Quotient. -3 



i# 



Let 



I -r^2 



I 

2 



a b r- i i rr: o 






a — ixs- that is, /? — * is equal to 



nothtngy whence a^=^by and that ^ =:^ is thus proved. 



I +4i I 4 



4-^>. 



^i = ** 



5 ri<i = *., Q::£.D.i 



I fay further, that like Signs being divided, though they are 
mgativiy give 4' in the Quotient, that is, tf^ — ^i 'divided by 
"^by the Quotient i$ — ^ -^ A and not — <x — b\ 



^■fiS ji L G £ J& k A. 

"^Ifiike Sigw tftongh, — give •— In the Quotient \ tliea 


-a— h ^-j by the Suppofition, that 

Mf/^a — h 15 equal to iu/(iit;» . which is againft the ZnnBtf, 
.'ueixfore aa Abfunlity follows the Suppofition, .that like S^ 

UOUrii — give — in. the Q^oEient. 

But, I fiy i i-r- h b divided by — b, the Quotient ii 

*— d-)-^, thatii, like Signs though — give -{■ in the Quo* 

rient. For 



ab — bbtso 
— b'=—b ... 

- o 
-« + A^"1, that is, ^-a'^bh 



tqiai to' netbwfi, w^ce £z=<t> aiifl that bsca is evident. 






j^\ab = ib 

5\'' = b. Q,E,D. 



?y this the I^earner will fee that like Signs though — both 
th Multiplication and Divilion, mull give -4- in the noduft and 
Quotient, for an Abfurdity fitUows the contrary Hypothefis, or 
-Suppofttion,- of their producing — in either the Produfl or 
Quotient. 

The other Principles of this Science are very obvioin, bang 
the plain Confequences of tbeJxiaat mentioned in the be- 
ginning of the Work. j 
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